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Art.  I. — Researches  in  Acoustics ;  by  Alfred  M.  Mayer. 

Paper  No.  9,  containing  : 

1 .  The  Law  coDDectiDf?  the  Pitch  of  a  Sound  with  the  duration  of  its  Residual 
Sensation. 

2.  The  Smallest  Consonant  Intervals  among  Simple  Tones. 

3.  The  Durations  of  the  Residual  Sonorous  Sensations  as  deduced  from  the 
Smallest  Consonant  Intervals  among  Simple  Tones. 

1.    On  the  Law  connecting  the  Pitch  of  a  Sound  with  the  Dura- 
tion of  its  Residual  Sensation. 

In  October,  1874,  I  published  in  this  Journal  "  Paper  No.  6  i 

of  Researches  in  Acoustics,"  which  contained  an  account  of 
my  attempts  to  establish  the  law  connecting  the  pitch  of  a 
sound  with  the  duration  of  its  residual  sensation.    -The  law 

given  in  that  paper  was  the  expression  of  the  results  of  the 
rst    experiments,   extending   through   several   octaves,   ever 
made  on  the  duration  of  sonorous  sensations. 

Subsequently,  in  April,  1875,  I  published  in  this  Journal 
the  results  of  similar  experiments  which  Madame  Ema  Seiler 
had  made  at  my  request.  She  made  a  long  series  of  experi- 
ments with  the  same  apparatus  I  had  used.  Her  determina- 
tions, though  agreeing  with  mine  in  having  approximately  the 
same  variation  of  the  residual  sensation  with  the  pitch,  yet 
differed  considerably  in  the  absolute  quantities  which  she 
found  for  the  durations  of  these  sensations.     That  the  two 
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series  of  obserrarions  should  diflfer  was  to  be  expected  from 
the  kDowD  variation  of  the  sonoroos  sensations  among  different 
observers :  but  the  principal  cause  of  the  difference  is  to  be 
attributed  to  the  apparatus,  fig.  3.  used  in  these  experiments. 
This  apparatus  generated  sounds  in  addition  to  the  one  to  be 
specially  observed,  so  that  the  determinations  were  difficult  to 
make  except  bv  one  whose  hearing  was  peculiarly  trained  and 
naturallv  gifted  in  the  power  of  excluding  other  sound  sensa- 
tions from  the  one  alone  to  be  studied.  In  the  ability  to 
analyze  composite  sounds  Madame  Seiler  was  noted,  and  I  had 
no  doubt  at  the  time  of  the  publication  of  her  results  that 
thev  were  more  worthv  than  mine  to  form  the  basis  of  a 
physiological  law.  This  I  stated  in  my  paper  of  1875,  and 
the  experiments  described  in  the  present  paper,  made  with 
improved  methods,  show  that  the  opinion  then  entertained 
was  correct. 

That  there  is  a  physiological  law  which  gives  the  relation 
between  the  pitch  of  a  sound  and  the  duration  of  its  residual 
sensation  is  shown  by  the  numerous  experiments  contained  in 
this  paper.  But  those  published  in  1874  and  1875  sufficed  to 
establish  that  fact;  yet  these  experiments  have  never  been 
repeated  by  physiologists. 

I  have  waited  nineteen  years  in  the  hope  that  others  would 
make  similar  experiments,  so  that  the  combination  of  the 
results  of  various  experimenters  would  give  an  expression  of 
the  law  which  might  be  regarded  as  general  and  accepted  as 
expressing  tbe  average  residual  sensations  of  sounds. 

It  is  true  that  Professor  C.  R.  Cross  and  H.  M.  Goodwin 
published  a  series  of  similar  experiments  in  ^  Some  considera- 
tions regarding  Helmholtz's  Theory  of  Consonance."  (Proc. 
Amer.  Acad.  Boston,  June,  1891.)  They  obtained  the  smallest 
consonant  intervals  by  blowing  sheets  of  air  across  the  mouths 
of  resonators.  The  reciprocals  of  the  differences  of  the  fre- 
quency of  the  vibrations  forming  the  intervals,  thus  found, 
are  plotted  in  the  curve,  C,  C,  of  tig.  1.  I  and  I'  give  their  deter- 
minations of  the  durations  of  the  residual  sensations  of  UT,  and 
UT^,  deduced  from  their  observations  of  the  coalescence  of 
these  sounds  when  interrupted  by  a  perforated  disk  rotating 
between  the  resonator  and  its  corresponding  fork. 

The  curve,  S,  shows  Madame  Seiler's  determination  of  the 
residual  sonorous  sensations;  M,  shows  mine.  It  is  evident 
that  the  meandering,  undecided  curve,  C,  cannot  be  the  ex- 

Eression  of  a  law,  and  that  the  data  I  and  I'  cannot  be  com- 
ined  with  those  contained  in  the  curve,  S,  or,  in  the  curve 
1£  In  a  general  way  the  curve,  C,  shows  that  the  smallest 
consonant  interval  of  two  tones  contracts  as  the  pitch  of  the 
tones,  forming  the  interval,  rises. 
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The  physicists  Mr.  Alexander  J.  Ellis  and  Professor  J.  A. 
Zahm  have  discussed  the  bearing  of  the  law  (as  given  by  the 
experiments  of  1874  and  1875),  on  the  elucidation  of  many 
facts  in  consonance  and  dissonance,  to  which  application  of  the 
law  I  referred  in  my  paper  of  1874.* 
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Fig.  1. 


On  the  Duration  of  the  Residual  Sonorous  Sensation, — 
The  duration  of  a  residual  sonorous  sensation  is  really  the 
duration  of  the  entire  period  in  which  a  sensation  of  sound  is 
perceived  after  the  vibrations,  outside  the  ear,  giving  rise  to 
that  sensation,  have  ceased  to  exist  While  the  total  duration 
of  the  after- sensation  produced  by  the  stimulus  of  light  can 
be  measured  (as  in  the  case  of  an  electric  flash),  the  determi- 
nation of  the  total  duration  or  the  after-sensation  of  a  sound 
appears,  in  the  light  of  our  present  knowledge  and  with  the 
means  of  experiment  at  our  command,  to  be  a  problem  very 
difficult  to  solve. 

The  object  of  this  research  was  not  to  determine  the  total 
duration  of  the  after- sensation  of  a  sound,  but  to  measure  that 

*8ee  Ellis'  translation,  of  1875,  of  Helmholtz's  Lehre  von  den  Tonempfin- 
dongen,  pp.  173,  701,  795,  and  Ellis'  Illustrations  of  Just  and  Tempered  Intona- 
tion. Proc.  Musical  Assoc,  of  London,  June  7,  1875.  Zahm,  Sound  and  Music  ; 
Chicago,  1892. 
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duration  in  which  the  after-sensation  of  a  sonnd  does  not  per- 
ceptibly diminish  in  intensity. 

In  fig.  2,  D  and  E  represent  openings  in  a  screen  imper- 
vious to  sonnd.  The  distance  between  these  openings  eqnals 
thrice  the  diameter  of  an  opening.  A  tnbe,  R,  having  the 
same  interior  diameter  as  the  openings  is  supposed  to  convey 


Fig.  2. 

sound-vibrations  against  the  screen,  while  the  tube  itself  moves 
from  left  to  right  with  its  mouth  sliding  along  the  surface  of 
the  screen.  In  the  position,  A,  the  sound  is  just  about  to 
traverse  the  opening,  D,  to  the  ear  on  the  other  side  of  the 
screen.  As  K  progresses  over  the  opening,  D,  the  sound 
traverses  the  opening  till  R  has  reached  the  position  F  B. 
Then,  in  the  path  of  the  tube  from  B  to  C  no  sound  traverses 
the  screen.  When  the  edge  B  of  the  tube  has  reached  the 
position  C  the  sound  is  again  just  on  the  eve  of  traversing  the 
screen  through  the  opening  E.  As  the  distance  A  to  B  equals 
B  to  C,  the  periods  during  which  the  sound  traverses  the 
screen  equal  those  in  which  it  does  not  do  so.  If  these  alter- 
nations of  sound  and  silence  should  succeed  one  another  so 
rapidly  that  the  sensation  of  the  sound  is  uniform  in  its  inten- 
sity ;  it  may  at  first  sight  appear  that  during  the  time  that  the 
tube  takes  to  go  from  B  to  C  the  after-sensation  of  the  sound 
has  not  diminished  in  intensity.  But  is  B  to  C  to  be  taken  as 
the  measure  of  the  duration  of  uniform  sensation  ?  As  the 
tube,  R,  moves  over  D  a  sound  with  a  varying  intensity 
traverses  the  opening  in  the  screen.  We  cannot  suppose  that 
the  residual  sensation  caused  by  the  stimulus  of  the  sound 
traversing  a  minute  opening  in  the  screen  equals  that  caused 
by  the  sound  which  traverses  the  screen  when  the  circles  R 
and  I)  coincide.  In  such  experiments,  however,  we  are 
driven  to  take  as  tlie  duration  of  the  undiminished  residual 
HciiHation  the  time  that  the  center  of  the  tube,  R,  takes  to  go 
from  the  center  of  1)  to  tlie  center  of  E. 

In  this  illustration  I  liave,  for  simplicity  and  conciseness, 
supposed  the  tube;  R  to  move  over  the  openings  D  and  E.  In 
th(;  afftual  (jxpeirirnents  D  and  E  are  two  of  several  holes  in  a 
disk,  arran^(Ml  in  a  circle,  and  the  disk  rotates  while  the  tube 
R  is  fix(;(l.  Another  tube  placed  in  the  prolongation  of  the 
tiihr?  JC  on  th(}  other  side  of  the  disk  conveys  the  interrupted 
Hound  to  the  ear. 
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Evidently,  the  manner  in  which  the  tube  conveying  the 
sound  to  the  disk  is  opened  and  closed  by  the  revolving  diBk 
has  to  be  considered  in  researches  made  with  this  apparatus. 
I  give  two  cases  whose  discussion  has  led  me  to  modify  with 
marked  efficiency  the  apparatus,  shown  in  fig.  S,  which  was 
used  in  the  researches  published  in  this  Journal  in  1874  and 
1876.  In  that  apparatus  the  interruptions  of  sound  were  made 
by  a  perforated  disk  revolving  in  front  of  the  mouth  of  a 
resonator  while  the  interrupted  sound  was  conveyed  to  the  ear 
by  a  tube  attached  to  the  small  opening  in  the  nipple  of  the 
resonator. 


This  mode  of  obtaining  the  interruptions  of  the  sound  is 
objectionable  because  the  resonator  is  not  in  tune  with  the 
fork  except  when  the  former  is  fullv  opened  and  also  because 
the  perforated  disk  rotating  across  the  month  of  the  resonator 
gives  rise  to  two  secondary  sounds  and  a  resultant  sound,  fully 
described  in  my  paper  of  1875.*  These  sonnds,  from  their 
intensity  in  this  form  of  expenment,  mask  the  proper  sound 
of  the  fork,  making  the  determination  of  the  durations  of  the 
sonorous  sensations  both  difficult  and  uncertain.  Also,  in 
these  experiments  the  action  of  the  interrupted  sound  on  the 
'   g;  even  injurious,  for  the  hearing  of  one  of  my 


•See  a  paper  by  Lord  Rajlejgb:  Acoustical  Observations.  Ill, 
SouDdE."  Pbi],  Mag.,  April,  1S80,  in  which  the  autlior  givea  an  explanation, 
mode  and  in  meiisure,  of  tlie  secondary  sonnds  and  of  the  resultaot  sound,  i 
Mrred  by  ms  io  tbeae  ezperimeDts. 
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ears  was  permaneDtlv  impaired  by  the  experimentB  I    made 
with  this  apparatns  Dineteen  years  ago. 

In  the  apparato?.  presently  to  l>e  d^ribed.  the  fork  vi- 
brates in  front  of  the  nioDt^  of  the  reeonator  and  the  inter- 
ruptions in  the  flow  of  foond  are  eaosed  by  the  perforated 
disk  revolving  in  front  of  the  small  opening  in  the  nipple  of 
the  resonator,  as  shown  in  tig.  7. 

Diseusiion  of  the  f^eeU  of  Ihe  relatire  »ize*  of  (A«  openings  in 
the  reeoiviiig  disk  and  of  the  opening  in  the  tube  eoneeying  the 
sound  to  the  di»k. 

First  case. — Suppose  that  the  opening  of  the  nipple  of  the 
resonator  and  the  openings  in  the  disk  have  the  same  diam- 
eter. In  the  actual  experiments  these  openings  were  1™"  in 
diameter.  The  nipple  of  the  resonator  had  a  tobe  of  that 
diameter  adapted  to  it 
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Fig,  4  is  the  graphic  representation  of  the  resalts  of  com- 
puting the  varying  areas  of  the  opening  of  the  tnbe  of  the 
resonator  as  an  opening  in  the  disk  passes  in  front  of  it.  This 
diagram  is  to  be  studied  in  connection  with  fig.  2.  The  entire 
length  on  the  axis  of  abscissas,  OX,  gives  the  space  A  to  B  of 
fig.  2,  divided  into  16  parts.  The  ordinatcs  of  the  curve  give 
the  relative  areas  of  opening  for  corresponding  positions  on 
tlie  axis  of  abscissas.  The  ordinate  marked  SY  shows  the  full 
area  of  opening  when  the  circles  of  the  tube  of  the  resonator 
and  of  the  dist  coincide.  It  will  be  observed  that  the  tnbe  is 
opened  and  closed  slowly  and  is  only  instantaneously  fully 
opened  at  8. 

fiei:onil  Case. — The  openings  in  the  disk  remain  1™  in  diam- 
eter, but  the  opening  in  the  nipple  of  the  resonator  is  4™  in 
diameter.  Fig.  5  shows  the  relations  between  the  areas  of 
opening  of  the  nipple  of  the  resonator  and  the  path  A  to  B 
(fig.  6j,  of  this  opening,  R,  as  it  is  supposed  to  move  across  the 
opening  D  in  the  disk.  Fig.  5  is  to  be  studied  in  connection 
with  fig.  6.     Fig.  5  shows  that  the  opening  and  closing  of  the 
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nipple  of  the  resonator  takes  place  rapidly  and  that  the  nipple 
remaios  fully  opened  from  4  to  8;  that  iB,  during  one-tnird 
the  time  that  the  opening  in  the  disk  takes  to  traverse  the 
opening  in  the  reBonator.  The  advantages  gained  by  this 
mode  of  experimenting  are  considerable.  The  periods  of 
sound  and  of  silence  are  sharply  marked  and,  as  we  shall  now 
show,  the  fact  that  the  hole  in  the  resonator  has  half  the 


diameter  of  the  bole  in  the  disk  gives  us  the  means  of  ap- 
proaching nearer  to  the  meaaore  of  the  veritable  time  during 
which  we  have  an  after- sensation  of  uniform  intensity. 

In  flg.  6,  R  represents  the  opening  in  the  nipple  of  the 
resonator,  supposed  to  pass  over  the  opening  D  in  the  disk. 
In   this  case,  as  in  tig.   2,  the 

space  A  to  B  in  which  sound         ',    ?  !     ' 

travel  ses  the  revolving  disk  is    /''^^^f'lV^ 
equal  to  the  space  B  to  C  in    vl/^^>'^_y^_-' 
wnich  silence   supervenes,  for 
the   distance   separating    two  '^' 

holes  on  the  disk  equals  twice  the  diameter  of  a  hole,  or,  four 
times  the  diameter  of  the  hole  in  the  nipple  of  the  resonator. 
But  in  this  form  of  the  experiment  we  are  again  in  doubt  as 
to  what  space  should  be  taken  as  measuring  the  duration  of 
the  uniform  residual  sensation.  The  period  from  the  full 
opening  of  the  resonator  in  one  position  to  the  full  opening  in 
the  succeeding  one  is  equal  to  the  time  the  disk  taices  to  go 
from  G  to  H,  which  is  equal  to  the  distance  D  to  E  between 
the  center  of  the  openings  in  the  disk  minus  the  diameter  of 
the  opening  in  the  resonator,  or,  to  DE  minus  ^DE.  This 
'■  ■     :e,  &  t    "        ■■     ■'  ■•  ■    ■     ■    - 


distance,  G  to  H,  evidently  measures  the  periods  between 
maximum  and  maximum  intensities  of  succeeding  sound 
pnlses.  and  we  have  taken  this  distance,  in  terms  of  velocity  of 
rotation,  as  the  measure  of  the  period  of  uniform  residual 
Boond  sensation  because  we  have  no  certain  knowledge  of  the 
relative  durations  of  the  residual  sensations  corresponding  to 
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yibratione  which  pass  the  disk  with  increasing  intensity,  from 
0  to  4,  fig.  5,  and  with  decreasing  intensity  from  8  to  12. 

In  onr  experiments  we  measured  the  number  of  flashes  of 
sound  entering  the  ear  by  knowing  the  number  of  revolutions 
of  the  disk  per  second  and  the  number  of  holes  in  the  disk. 
From  this  knowledge  we  compute  the  time  it  took  the  disk  to 
go  over  1)  to  E,  in  lig.  6.  the  distance  between  centers  of  two 
neigliboring  holes  ;  then  we  reduced  this  time  by  \  which  is 
the  ratio  of  the  diameter  of  the  opening  in  the  nipple  of 
resonator  to  the  distance,  D  to  E,  and  took  this  reduced  time 
as  the  duration  of  the  uniform  residual  sensation.  The  dura- 
tion of  the  sonorous  sensation  determined  in  this  manner  is 
evidently  nearer  the  truth  than  that  obtained  with  apparatus 
in  which  the  hole  in  the  tube  conveying  the  sound  to  the  disk 
and  the  holes  in  the  disk  have  the  same  diameter. 


The  Apparatus  and  Methods  used  to  measure^  the  durations 
of  reaidvM  aonorona  sensations. — (A)  I  shall  first  describe  the 
apparatus  which  1  found  the  most  efficient  for  these  nieastireB 
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and  then  describe  three  other  forms  of  apparatus  used.  In 
fig.  7  is  seen  a  perforated  disk  mounted  on  the  axle  of  a  rota- 
tor. In  front  of  the  disk  is  the  resonator  with  its  nipple  close 
to  the  surface  of  the  disk.  A  tuning-fork  is  opposite  the 
mouth  of  the  resonator.  On  the  other  side  of  the  disk,  with 
its  axis  in  line  with  the  axis  of  the  nipple  of  the  resonator,  is 
the  tube  which  conveys  the  interrupted  sounds  to  the  ear. 
The  opening  in  this  tube  has  the  same  diameter  as  the  open- 
ings in  the  revolving  disk.  Behind  the  line  of  this  tube  is 
seen,  on  the  end  of  the  axle,  a  fly  wheel  of  copper  weighing  a 
kilogram. 

The  bevelled  face  of  the  driving  wheel  of  the  rotator  has 
three  grooves  cut  in  it,  in  steps.  Corresponding  grooves  are 
cut  in  the  pulley  of  the  axle. 

To  run  a  rotator  of  this  description  smoothly,  without  jars, 
or  vibrations,  it  is  necessary  that  the  cord  which  passes  over 
the  driving  wheel  and  pulley  should  be  very  flexible  and  have 
a  circular  section  of  uniform  area  throughout  its  length.  I 
obtained  such  a  cord  by  soaking  a  cord  of  porpoise  leather  in 
neat's  foot  oil  and  then  drawing  it  many  times  through  wire- 
drawing plates.  The  ends  of  the  cord  are  connected  by  a  short 
hook  and  eye  coupling.  The  driving  wheel  can  be  slid  up  or 
down  the  standard  of  the  rotator  to  adjust  the  tension  of  the 
cord. 

The  driving  wheel  is  turned  by  a  handle  of  aluminum  of 
the  form  shown  in  the  figure.  It  is  necessary  to  have  a  handle 
of  small  diameter  in  order  to  turn  the  wheel  with  a  uniform 
velocity.  The  fingers  which  clasped  the  handle  were  coated 
with  plumbago  dust. 

In  all  the  experiments  the  driving  wheel  of  the  rotator  was 
revolved  either  once  in  a  second  or  twice  in  a  second.  This  is 
accomplished,  after  some  practice,  in  the  following  way.  The 
rotator,  on  which  is  mounted  the  disk  and  fly-wheel,  is  placed 
near  a  clock  giving  loud  beats  of  seconds,  and  the  driving 
wheel  is  revolved  by  the  guidance  of  hand  and  ear  The 
results  of  the  experiments  showed  that  the  velocities  thus 
given  to  the  disk  were  sufliciently  uniform,  and  the  measures 
of  the  durations  of  sonorous  sensations  sufliciently  concordant 
and  precise  to  obtain  the  data  of  the  physiological  law. 

I  adopted  this  method  of  rotation  in  preference  to  mechani- 
cal means  for  controlling  and  measuring  the  revolutions  of  the 
disks.  To  determine  when  the  interrupted  sounds  have 
blended,  requires,  so  to  say,  a  flexible  apparatus  whose  velocity 
is  under  the  immediate  control  of  the  hand  and  ear.  This  is 
important  in  making  the  final  judgment  between  sounds,  one 
of  which  appears  to  have  too  few  interruptions,  the  other  a  few 
more  interruptions  than  are  necessary  to  give  a  continuous  uni- 
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form  sensation.  It  is  evident  that  when  we  can  at  once 
sliffhtly  increase  or  diminish  the  velocity  of  rotation  of  the 
disk  we  have  the  means  of  making  comparisons  rapidly  suc- 
ceeding one  another.  A  rotator  driven  as  described  forms 
more  a  part  of  the  observer  than  one  driven  and  regulated  by 
mechanism. 

As  there  were  three  grooves  in  the  driving-wheel  and  three 
on  the  pulley  on  the  axle,  and  as  the  driving-wheel  was  re- 
volved either  once  or  twice  in  a  second,  18  different  velocities 
could  be  given  to  the  rotating  disk. 

Disks  were  made  having  numbers  of  holes  from  5  to  19,  so 
that,  with  18  velocities  and  the  various  numbers  of  holes  in 
the  disks  it  was  easy  to  select  a  disk  driven  with  a  known 
velocity  which  gave  the  exact  number  of  interrupted  sounds 
per  second  to  blend. 

The  18  ratios  of  velocities  of  the  driving-wheel  and  of  the 
pulley  on  the  axle  of  the  rotator  were  obtained  as  follows :  A 
circle  of  card-board,  divided  into  100  parts,  was  clamped  on 
the  rotator  in  front  of  a  disk.  The  driving-wheel  was  rotated 
either  once  or  twice  in  a  second  so  that  the  conditions  were 
the  same  as  in  the  experiments.  From  10  to  100  revolutions 
of  the  driving-wheel  were  made  before  the  ratio  was  deter- 
mined. The  division  to  which  a  fixed  index  pointed  on  the 
divided  circle  gave  the  fraction  of  a  revolution.  The  whole 
number  of  revolutions  was  given  by  a  simple  counter  which 
moved  with  very  little  friction. 

The  rotating  disks  were  made  of  mahogany,  5""^  thick,  with 
disks  of  card-board  about  2°"™  thick  screwed  to  the  wooden 
disks.  The  circumference  of  the  holes  in  the  wooden  and 
card  board  disks  exactly  coincided.  The  circle  of  holes  in  the 
disk  was  placed  5^°"^  from  its  border.  The  rotator  and  disks 
were  so  carefully  made  that  the  nipple  of  the  resonator  was 
only  j\^^  from  the  surface  of  the  revolving  disk.  The 
mouth  of  the  tube  conveying  the  interrupted  sounds  to  the 
ear  was  about  the  same  distance  from  the  surface  of  the  other 
side  of  the  disk.  The  disks  were  clamped  on  the  axis  of  the 
rotator  between  smaller  flat  disks  of  brass,  not  shown  in  the 
figure. 

The  diameter  of  the  holes  in  the  disk  and  of  the  interior  of 
the  tube  conveying  the  sounds  to  the  ear  was  1*^".  The  diam- 
eter of  the  openings  in  the  nipples  of  the  resonators  was  i*^™. 

The  disks  were  made  of  mahogany  which  had  been  in  ray 
possession  for  thirty  years.  It  was  well  seasoned  and  had 
nearly  the  thickness  required  for  the  disks.  This  wood  was 
used  because  it  holds  the  form  given  it  better  than  any  wood 
I  have  had  experience  with. 
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Sound  passes  through  mahogany  and  other  woods  even 
when  a  centimeter  in  thickness.  Sound  also  passes  through 
card-board  but  not  so  readily  as  through  wood.  I  found  that 
by  placing  cardboard  on  wood  I  formed  a  screen  of  hetero- 
geneous materials  which  presented  an  effective  obstruction  to 
the  passage  of  sound. 

(B)  In  the  second  form  of 
apparatus  I  replaced  the 
resonators  by  resonant  tubes 
as  shown  in  fig.  8,  where  F 
is  the  fork,  T,  the  tube  with 
a  tube  of  larger  diameter, 
A,  sliding  on  T,  so  that  the 
air  in  the  tube  could  be  ad- 
justed to  vibrate  with  the 
fork.  On  the  other  side  of 
the  disk  D,  is  the  tube  T'  Fig.  8. 
to  which  is  attached  a  tube 

of  caoutchouc  which  leads  to  the  ear.  This  arrang^ement  is 
like  that  used  by  Dr.  R.  Koenig  and  described  on  page  140  of 
his  "  Quelques  Experiences  d  Acoustique,"  Paris,  1882,  and 
used  by  him  for  the  observation  of  the  sounds  produced  by 
interruptions  of  continuous  sounds. 

Experiments  made  with  this  apparatus  gave  the  same  results 
as  those  made  with  apparatus  (A),  but  the  sounds  given  are  so 
feeble  compared  with  those  coming  from  the  resonators  (fig. 
7)  that  the  periods  of  sound  and  silence  (or,  rather  of  sound 
and  much  diminished  sound)  are  not  sharply  separated.  It 
followed  that  the  judgment  of  a  continuous  sensation  on  the 
ear  could  not  be  so  neatly  made  with  the  use  of  the  resonant 
tubes  as  when  the  resonators  were  employed. 

(C)  To  obtain  sharper  demarcation  of  sound  and  silence  by 
having  no  aperture  for  the  lateral  escape  of  sound  between  the 
rotating  disk  and  the  nipple  of  the  resonator  and  between  the 
disk  and  the  tube  conveying  the  sound  to  the  ear,  I  made  the 
following  apparatus,  fig.  9. 

I  turned  disks  of  brass  flat  and  of  uniform  thickness.  These 
disks  were  revolved  on  a  rotator  driven  by  gear  wheels  made  of 
"  fiberoid,"  so  that  the  movement  should  be  noiseless.  The 
number  of  teeth  on  the  wheels  and  holes  in  the  disks  were 
such  that  I  was  enabled  to  make  three  determinations  corre- 
sponding in  the  number  of  interruptions  of  sound  to  those 
already  obtained  with  apparatus  (A). 

Two  brass  tubes,  T  and  T',  fig.  9,  one  having  one  interior 
diameter  of  i*^™,  the  other  an  interior  diameter  of  1*^™,  slid 
accurately  and  with  little  friction  in  two  tubes,  A  and  B,  with 
flanges  on  their  ends.     These  flanges  were  pressed  against  the 
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surfaces  of  the  disk  D  by  two  delicate  helical  springs  fittiDg 
over  the  tube  at  S  and  S',  between  the  flanges  of  A  and  B  and 
the  standards  P  and  P'.  The  tubes  T  and  T'  were  as  close  as 
possible  to  the  disk  while  it  rotated.  The  flanges  A  and  B 
were  of  such  diameter  that  no  sound  could  issue  between  them 
and  the  surfaces  of  the  rotating  disk,    because   the  flanges 
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Fig.  9. 

entirely  covered  the  hole  in  the  disk  while  this  hole  traversed 
the  tnbes  T  and  T'.  A  tube  of  caoutchouc  led  from  the  tube 
T'  to  the  ear. 

Although  a  film  of  oil  was  between  the  flanges  and  the  disk 
and  the  disks  were  so  accurately  made  that  the  greatest  depar- 
ture from  uniformity  of  thickness  amounted  to  only  ^V""*  y^^ 
the  sounds  produced  by  the  sliding  of  the  disk  between  the 
flanges  caused  much  distraction  in  the  perception  of  the  sound 
from  the  resonator,  which  was  adapted  to  the  tube,  T,  of  i^"* 
in  diameter.  The  results  obtained  with  this  apparatus  agreed 
with  those  given  by  apparatus  (A). 

(D)  I  had  formed  great  hopes  of  having  the  best  apparatus 
for  the  determination  of  the  duration  of  a  residual  sensation 
in  the  one  shown  in  fig.  10.  A  is  the  lower  drum  of  a  Helm- 
holtz  double  siren.  D,  the  perforated  disk  of  the  siren,  which 
was  rotated  by  the  driving-wheel  W.  The  disk,  D,  was 
inclosed  in  the  cover,  C,  of  the  form  shown  in  fig.  10,  clamped 
to  the  drum  of  the  siren.  The  sound  issued  from  the  box, 
thus  formed,  and  was  conveyed  to  the  ear  by  the  tube  E,  to 
which  was  attached  a  tube  of  caoutchouc.  The  sound  to  be 
experimented  on  was  conveyed  from  the  fork,  F,  and  resona- 
tor, R,  through  a  long  tube  T  to  the  drum  of  the  siren.  By 
placing  pulleys,  P,  of  various  diameters  on  the  axle  of  the 
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disk  of  the  siren  and  by  opening  one  or  another  of  the  various 
circles  of  holes  in  the  drum.  A,  I  had  the  means  of  obtaining 
a  considerable  range  in  the  numbers  of  interruptions  of  sounds 
per  second. 

The  results  given  by  this  apparatus  were  the  same  as  those 
obtained  with  (A),  but  the  objection  to  its  action  is  the  produc- 
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Fig.  10. 

tion  of  sounds  by  the  apparatus  itself,  caused  by  the  rotation 
of  the  perforated  disk.  These  sounds  distracted  the  attention 
from  the  phenomenon  of  the  continuous  sensation  produced 
by  the  interruptions  of  the  sound  from  the  fork  and  so  masked 
it  that  I  consider  this  apparatus  the  least  eflScient  of  any  I 
have  described. 

These  experiments  on  the  blending  of  interrupted  sounds 
are  not  pleasant  to  make.  The  ear  soon  becomes  fatigued  and 
the  perception  of  sound  is  dulled.  After  an  experiment  the 
ear  has  to  be  rested  during  a  considerable  time  before  the 
experiment  can  be  repeated  satisfactorily.  Thus  much  time  is 
consumed  and  these  experiments  cannot  be  made  in  a  few 
days,  but  weeks  are  required  to  arrive  at  satisfactory  measures ; 
also  considerable  time  is  consumed  in  gaining  mastery  over 
the  apparatus.  To  make  these  experiments  less  tedious,  fatigue 
of  the  ear  is  to  be  avoided.  This  is  done  by  not  allowing  the 
interrupted  sounds  to  enter  the  ear  longer  than  during  two  or 
three  seconds,  then  a  rest  of  5  to  6  seconds  is  taken  while  the 
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fork  is  kept  in  action  and  the  disk  revolved  with  the  same 
velocity  ;  then  another  three  seconds  period  of  sonnd  is  given 
the  ear.  This  is  best  done  by  placing  the  mbber  tube  in  the 
meatus  of  the  ear  and  pinching  the  end  of  the  tube  between 
the  fingers.  By  relieving  the  pressure  more  or  less  we  can 
regulate  the  intensity  of  the  sound  which  enters  the  ear,  or  we 
can  shut  the  sound  ofE.  The  other  ear  is  tightly  closed  with 
beeswax  softened  with  a  little  turpentine. 

Within  the  limits  of  the  intensities  of  sound  used  in  these 
experiments  I  found  no  change  in  the  duration  of  the  sensa- 
tion with  change  in  the  intensity  of  the  sound.  It  seems 
probable  that  such  connected  changes  exist.  If  they  do  exist, 
then  it  would  appear,  from  the  smoothness  of  the  curve  I 
have  obtained  from  the  experiments,  that  the  relative  mean 
intensities  of  the  sounds  used  did  not  vary  sufficiently  to  make 
apparent  any  change  in  the  duration  of  the  after-sensation  with 
change  in  the  intensity  of  the  stimulus. 

Table  of  results  of  experiments.  The  empirical  formula  tohich 
gives  the  relation  of  the  pitch  of  a  sound  to  the  duration  of  its 
residual  sonorous  sensation. 

The  results  of  the  experiments  made  with  the  various  forms 
of  apparatus  just  described  are  given  in  the  following  Table  I. 


Table  I. 
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B 

c 

D 

E 

F 

G 

H 

I 

K 

L 

UT, 

64 

231 
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•0369 

-0008 
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UT, 
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36 
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•0231 

•0228 

—  0003 

•0280 

•0324 
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SOL, 

192 

•0232 

•0237 
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UT, 

256 

62 

7T*4 

•0134 

•0133 

-0001 

•0190 

•0189 

-0001 

2  06 

Mi, 

320 

73 

"St'B 

•0114 

•0112 

-0002 

•0160 

•0158 
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384 

88 
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•0137 

•0137 
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UT4 
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T^ 

•0077 

•0078 

+  •0001 

•0110 

•0109 

—  0001 

237 

Uu 

640 
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T»T-¥ 

•0066 

•0067 

+  •0001 

•0092 

•0092 

•0000 

2  53 

8OL4 

768 

143 

ITT'T 

•0058 

•0059 

+  -0001 

•0080 

•0081 

+  0001 

2  68 

UT. 

1024 

170 

•0049 

•0049 

-•0000 

•0066 

•0066 

•0000 

301 

Mi. 

1280 

*»  V  ^ 

•0057 

•0057 

•0000 

SOL. 

1536 

•0052 

•0052 

•0000 

Ut. 

2048 

•0045 

•0044 

-0001 

Mi. 

2560 

•0039 

•0039 

•0000 

SOL. 

3072 

•0036 

•0036 

•0000 

Cohimn  A  gives  the  names  of  the  sounds,  and  B  the  num- 
bers of  their  vibrations  (v.  d.)  per  second.  C,  the  number  of 
beats  of  interrupted  sound  received  by  the  ear  in  a  second  to 
blend  into  a  continuous  uniform  sensation.  In  column  D  are 
the  durations  of  the  residual  sonorous  sensations  expressed  in 
vulgar  fractions.  The  numbers  in  column  D  are  obtained,  as 
already  explained,  by  diminishing  the  reciprocals  of  the  num- 
bers in  col.  0  by  4.     Under  E  are  the  fractions  in  column  D 
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in  decimals.     Under  F  are  the  durations  of  the  residnal  sen- 
satioDB  compnted  by  the  formala 
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in  which  D  =  the  duration  of  the  residnal  sensation  given  by 
a  Bonnd  of  N  nnmber  of  vibratione  per  second.  Under  G 
are  the  differences  between  the  compnted  and  observed  values 
of  the  residnal  sensations.  These  differences  are  so  smaU, 
except  in  the  case  of  SOL,,  that  we  may  adopt  the  empirical 
formula  as  expressing  the  law,  which  connects  the  pitch  of  a 
sound  with  the  duration  of  its  residual  sonorous  sensation. 
This  formula,  however,  only  refers  to  my  own  auditory  sensa- 
tion. It  is  a  physiological  law  and  T  imagine  that  the  durations 
of  these  residual  sonorous  sensations  will  vary  more  with  dif- 
ferent observers  than  do  analogous  visual  sensations.  It  is 
therefore  to  be  wished  that  others  will  repeat  these  experi- 
ments and  obtain  determinations  which,  when  combined,  will 
give  a  law  which  may  be  accepted  as  the  expression  of  the 
average  durations  of  the  residual  sonorous  sensations. 
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The  results  in  column  E  are  ^ven  graphically  in  the  curve 
I  of  fig.  11.  The  unit  on  the  axis  of  abscissas  is  100  v.  d.  The 
unit  on  the  axis  of  ordinates  is  '01  second. 

The  determination  of  the  duration  of  the  residual  sensation 
of  UT,  (64  V.  d.)  was  very  carefully  made  and  made  many 
times.  The  experiments  gave  '0361  second  for  the  duration 
of  this  sound.  The  formula  gives  '0369,  which  is  -^  greater 
than  the  observed  duration.  The  greatest  dijBEerence  existing 
between  the  observed  and  computed  duration  of  the  remaining 
sounds  of  the  table  is  in  the  case  of  SOL,  (384  v.  d.)  where  the 
computed  is  ^.y  greater  than  the  observed  duration.  In  col- 
umn L  of  Table  I  are  given  the  number  of  wave-lengths  of 
the  sounds  which  pass  into  the  ear  through  a  hole  in  the  rota- 
ting disks  when  these  interrupted  sounds  blend  into  uniform 
sensations.  The  average  number  of  wave-lengths  which  pass 
a  hole  is  about  2^.  As  the  sound  rises  in  pitch  more  wave- 
lengths pass  the  hole ;  thus  while  only  1*38  wave-length  passes 
in  the  case  of  UT„  3  wave-lengths  pass  in  the  case  of  UT,. 

An  examination  of  fig.  6  shows  that  sound  passes  to  the  ear 
while  a  hole  in  the  disk  passes  over  three  diameters  of  the  hole 
in  the  nipple  of  the  resonator,  while  the  distance  between  the 
centers  of  neighboring  holes  in  the  disk  equals  six  diameters 
of  the  hole  in  the  resonator ;  hence,  to  ascertain  the  number 
of  wave-lengths  which  enter  the  ear  during  the  passage  of  a 
hole  in  the  disk  across  the  hole  in  the  resonator  we  must 
divide  the  number  of  vibrations  per  second  of  the  sound, 
given  in  column  B,  by  twice  the  corresponding  number  in 
column  C. 

2.    On  the  Smallest  Consonant  Intervals  among  Simple  Tones, 

When  two  simple  tones,  which  differ  slightly  in  pitch,  are 
sounded  simultaneously,  beats  are  produced,  which  become 
more  frequent  as  the  difference  in  pitch  increases,  and  with 
this  increase  in  the  interval  between  the  tones  the  dissonance 
becomes  harsher,  reaching  a  maximum  of  dissonance  (when 
the  number  of  beats  are  about  y*^  of  the  number  required  to 
blend),  then  becoming  less  dissonant  as  the  interval  increases 
till,  at  last,  the  two  tones  blend  into  a  consonance.  These  are 
the  phenomena  observed  from  SOL,  (96  v.  d.)  to  the  highest 
tones  used  in  music. 

Having  the  law  which  gives  the  number  of  beats  (produced 
by  the  interrupted  sounds  of  tones  of  various  pitch),  which 
blend,  one  might  naturally  infer  that  the  consonant  interval 
could  be  computed  by  that  law.  Given  the  pitch  of  a  tone 
we  compute  by  the  law  the  number  of  interruptional  beats  of 
this  tone  which  blend,  and  adding  this  number  to  the  frequency 
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of  the  given  tone  we  should  apparently  have  the  pitch  of  the 
upper  tone  which  makes  with  the  lower  the  smallest  consonant 
interval.*  This  however  is  not  so.  Take,  for  example,  UT, 
(256  V.  d.).  The  number  of  interruptional  beats  of  this  sound 
which  blend  is  62,  and  256+62  =  318  which,  according  to  the 
law,  should  make  a  consonant  interval  with  UT,.  But  experi- 
ment shows  that  a  tone  of  256  +  58  =  314  v.  d.  forms  the  small- 
est consonant  interval  with  UT, 

To  render  less  tedious  the  comprehension  of  the  results  of 
many  experiments  on  the  smallest  consonant  intervals  among 
Bimple  tones  I  shall  at  once  give  a  table  (Table  II)  of  the  re- 
sults of  these  experiments  and  then  give  the  account  of  the 
experiments  that  furnished  the  data  of  the  table. 

In  column  A  are  given  the  lowest  tones  of  the  consonant 
intervals  which  were  experimented  on.  •  In  column  B  are  the 
number  of  vibrations  to  be  added  to  the  tones  of  column  A 
to  form  the  higher  note  of  the  smallest  consonant  interval,  as 
deduced  from  the  experiments  on  the  duration  of  the  residual 
sensation  of  interrupted  sounds.  In  column  C  the  numbers  of 
vibrations  by  which  the  tones  in  column  A  have  really  to  be 
increased  to  form  the  higher  notes  of  the  smallest  consonant 
intervals.  In  column  D  are  the  numbers  of  vibrations  to  be 
added  to  those  of  column  A  to  form  the  smallest  consonant 
intervals  as  computed  by  the  formula 

•       ^  /4250()  \ 

(xf — ^o+23)*0001 
\N  +  23  / 

in  which  N  =  the  number  of  vibrations  of  the  lower  tone  of 
of  the  interval  and  N +  -77-7—73 r =  the  number   of 


/42500  \ 


vibrations  of  the  higher  tone  of  the  interval.  In  column  E 
are  given  the  differences  between  the  computed  values  (D) 
and  the  observed  values  (0).  The  formula  gives  quite  closely 
the  true  values  from  SOL,  (192  v.  d.)  to  MI.  (2560  v.  d.).  In 
column  F  are  given  the  smallest  consonant  intervals,  as  deter- 
mined experimentally,  from  SOL^  (96  v.  d.)  to  the  tone  of 
2806  V.  d.,  expressed  in  semitones  of  the  equal-tempered  scale. 
In  figure  11  these  intervals,  computed  from  the  numbers  in 
column  0,  are  expressed  graphically  by  the  curve  N".  0.  I. 
The  units  of  ordinates  (on  the  left  of  figure)  are  semitones 
and   the   units   of  abscissas   are  100  vibrations.      This  curve 

*  Rigorously,  we  should  take  iu  the  computation  the  number  of  beats  which 
blend  correspondlDg  to  a  sound  of  a  pitch  which  is  the  mean  of  the  pitch  of  the 
lower  and  upper  sounds  of  the  interval. 
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shows  in  a  striking  manner  the  contraction  of  the  smallest 
consonant  interval  as  we  ascend  the  musical  scale ;  while  SOL^ 
(96  V.  d.)  requires  a  sound  separated  from  it  by  ^^}^  semitones 
to  give  the  smallest  consonant  interval,  SOL,  of  3072  v.  d. 
forms  a  consonant  interval  with  a  higher  sound  separated  from 
it  by  only  IJ  semitones.  The  curve  AV,  of  fig.  11,  which  has 
the  same  units  of  abscissas  as  curve  N.  C.  I,  and  the  units  of 
whose  ordinates,  in  numbers  of  vibrations,  are  on  the  right  of 
the  diagram,  shows  graphically  the  number  of  vibrations  to  be 
added  to  the  tones,  on  the  axis  of  abscissas,  to  obtain  the 
smallest  consonant  intervals. 

The  experiments  which  form  the  basis  of  the  statements 
given  in  Table  II,  I  shall  now  describe. 

Having  but  few  forks  below  UT,  in  pitch,  and  those  not 
numerous  enough  to  determine  with  accuracy  the  consonant 
intervals,  I  requested  my  friend  Dr.  Kudolph  Koenig,  of 
Paris,  to  determine  for  me  the  smallest  consonant  intervals 
among  sounds  below  UTj  in  pitch.  The  numbers  in  the  table 
referring  to  tones  SOL.^,  UTj,  SOLj,  UT^,  and  SOL,,  experi- 
ments Nos.  1,  2,  3,  4,  and  5  of  Table  II,  were  furnished  by 
Dr.  Koenig^  experiments.  The  account  of  these  experiments, 
which  Dr.  Koenig  so  obligingly  made  for  me,  I  give  in  his  own 
words. 

Dr.  Koenig^ s  Experiments, — "Paris,  le  21  Mars,  1893  .  .  . 
Je  veux  maintenant  repondre  a  vos  questions  concernant  la 
consonance  des  intervalles  formes  de  notes  graves  et  pas  trop 
fortes,  et  faire  d'abord  cette  remarque  generate,  que  la  percep- 
tibilite  des  roulements  et  raucites  produits  par  des  battements, 
qui  depend  avant  tout  de  I'intensite  relative  des  deux  notes 
primaires,  parait  etre  presquc  entierement  ind6pendant  de  leur 
intensity  absolue,  quand  elles  sont  graves,  tandis  que  le  role  de 
I'intensite  absolue  augmente  avec  leur  hauteur.  En  effet,  les 
resultats  des  observations  faites  avec  des  diapasons  relative- 
ment  faibles,  et  sans  resonateurs,  sont  pour  les  octaves  graves 
presque  absolument  identiqucs  avec  les  resultats  donnes  par  les 
gros  diapasons  et  resonateurs  du  grand  tonoraetre,  et  publics 
dans  le  tableau,  page  113,  des  "  Quelques  Experiences  d'Acous- 
tique,"  tandis  que  pour  les  intervalles  avec  les  notes  fonda- 
mentales  UT,  et  SOL,,  les  differences  des  resultats  devient 
deja  sensible.  Je  pourrais  aussi  resumer  ces  faits  en  disant 
que  I'influence  de  I'intensite  absolue  des  deux  sons  primaires 
sur  la  perceptibilite  des  battements,  qui  est  absolument  nulle 
pour  les  battements  lents,  augment  pour  les  roulements  et  rau- 
cites avec  les  nombres  des  battements  qui  les  produit,  car,  pour 
example,  les  8  battements  de  TJTi :  REj  sont  aussi  distinctment 
entendus  avec  des  notes  TJTi  et  REj  tres  faibles,  qu'avec  des 
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form  sensation.  It  is  evident  that  when  we  can  at  once 
slightly  increase  or  diminish  the  velocity  of  rotation  of  the 
disk  we  have  the  means  of  making  comparisons  rapidly  suc- 
ceeding one  another.  A  rotator  driven  as  described  forms 
more  a  part  of  the  observer  than  one  driven  and  regulated  by 
mechanism. 

As  there  were  three  grooves  in  the  driving-wheel  and  three 
on  the  pulley  on  the  axle,  and  as  the  driving-wheel  was  re- 
volved either  once  or  twice  in  a  second,  18  different  velocities 
could  be  given  to  the  rotating  disk. 

Disks  were  made  having  numbers  of  holes  from  5  to  19,  so 
that,  with  18  velocities  and  the  various  numbers  of  holes  in 
the  disks  it  was  easy  to  select  a  disk  driven  with  a  known 
velocity  which  gave  the  exact  number  of  interrupted  sounds 
per  second  to  blend. 

The  18  ratios  of  velocities  of  the  driving-wheel  and  of  the 
pulley  on  the  axle  of  the  rotator  were  obtained  as  follows :  A 
circle  of  card-board,  divided  into  100  parts,  was  clamped  on 
the  rotator  in  front  of  a  disk.  The  driving-wheel  was  rotated 
either  once  or  twice  in  a  second  so  that  the  conditions  were 
the  same  as  in  the  experiments.  From  10  to  100  revolutions 
of  the  driving-wheel  were  made  before  the  ratio  was  deter- 
mined. The  division  to  which  a  fixed  index  pointed  on  the 
divided  circle  gave  the  fraction  of  a  revolution.  The  whole 
number  of  revolutions  was  given  by  a  simple  counter  which 
moved  with  very  little  friction. 

The  rotating  disks  were  made  of  mahogany,  5"""  thick,  with 
disks  of  card-board  about  2""  thick  screwed  to  the  wooden 
disks.  The  circumference  of  the  holes  in  the  wooden  and 
card- board  disks  exactly  coincided.  The  circle  of  holes  in  the 
disk  was  placed  5*^"^  from  its  border.  The  rotator  and  disks 
were  so  carefully  made  that  the  nipple  of  the  resonator  was 
only  tV™™  from  the  surface  of  the  revolving  disk.  The 
mouth  of  the  tube  conveying  the  interrupted  sounds  to  the 
ear  was  about  the  same  distance  from  the  surface  of  the  other 
side  of  the  disk.  The  disks  were  clamped  on  the  axis  of  the 
rotator  between  smaller  flat  disks  of  brass,  not  shown  in  the 
figure. 

The  diameter  of  the  holes  in  the  disk  and  of  the  interior  of 
the  tube  conveying  the  sounds  to  the  ear  was  1^™.  The  diam- 
eter of  the  openings  in  the  nipples  of  the  resonators  was  ^^". 

The  disks  were  made  of  mahogany  which  had  been  in  my 
possession  for  thirty  years.  It  was  well  seasoned  and  had 
nearly  the  thickness  required  for  the  disks.  This  wood  was 
used  because  it  holds  the  form  given  it  better  than  any  wood 
I  have  had  experience  with. 
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Sound  passes  through  mahogany  and  other  woods  even 
when  a  centimeter  in  thickness.  Sound  also  passes  through 
card-board  but  not  so  readily  as  through  wood.  I  found  that 
by  placing  cardboard  on  wood  I  formed  a  screen  of  hetero- 
geneous materials  which  presented  an  eflEective  obstruction  to 
the  passage  of  sound. 

(B)  In  the  second  form  of 
apparatus  I  replaced  the 
resonators  by  resonant  tubes    -JL 

as  shown  in  fig.  8,  where  F    ' 

is  the  fork,  T,  the  tube  with 
a  tube  of  larger  diameter, 
A,  sliding  on  T,  so  that  the 
air  in  the  tube  could  be  ad- 
justed to  vibrate  with  the 
fork.  On  the  other  side  of 
the   disk   D,  is  the  tube  T'  Fig.  8. 

to  which  is  attached  a  tube 

of  caoutchouc  which  leads  to  the  ear.  This  arrangement  is 
like  that  used  by  Dr.  R.  Koenig  and  described  on  page  140  of 
his  "  Quelques  Experiences  d'Acoustique,"  Paris,  1882,  and 
used  by  him  for  the  observation  of  the  sounds  produced  by 
interruptions  of  continuous  sounds. 

Experiments  made  with  this  apparatus  gave  the  same  results 
as  those  made  with  apparatus  (A),  but  the  sounds  given  are  so 
feeble  compared  with  those  coming  from  the  resonators  (fig. 
7)  that  the  periods  of  sound  and  silence  (or,  rather  of  sound 
and  much  diminished  sound)  are  not  sharply  separated.  It 
followed  that  the  judgment  of  a  continuous  sensation  on  the 
ear  could  not  be  so  neatly  made  with  the  use  of  the  resonant 
tubes  as  when  the  resonators  were  employed. 

(C)  To  obtain  sharper  demarcation  of  sound  and  silence  by 
having  no  aperture  for  the  lateral  escape  of  sound  between  the 
rotating  disk  and  the  nipple  of  the  resonator  and  between  the 
disk  and  the  tube  conveying  the  sound  to  the  ear,  I  made  the 
following  apparatus,  fig.  9. 

I  turned  disks  of  brass  flat  and  of  uniform  thickness.  These 
disks  were  revolved  on  a  rotator  driven  by  gear  wheels  made  of 
''  fiberoid,"  so  that  the  movement  should  be  noiseless.  The 
number  of  teeth  on  the  wheels  and  holes  in  the  disks  were 
such  that  I  was  enabled  to  make  three  determinations  corre- 
sponding in  the  number  of  interruptions  of  sound  to  those 
already  obtained  with  apparatus  (A). 

Two  brass  tubes,  T  and  T',  fig.  9,  one  having  one  interior 
diameter  of  J*^™,  the  other  an  interior  diameter  of  1^",  slid 
accurately  and  with  little  friction  in  two  tubes,  A  and  B,  with 
flanges  on  their  ends.     These  flanges  were  pressed  against  the 
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fork  is  kept  in  action  and  the  disk  revolved  with  the  same 
velocity  ;  then  another  three  seconds  period  of  sound  is  given 
the  ear.  This  is  best  done  by  placing  the  rubber  tube  in  the 
meatus  of  the  ear  and  piuching  the  end  of  the  tube  between 
the  fingers.  By  relieving  the  pressure  more  or  less  we  can 
regulate  the  intensity  of  the  sound  which  enters  the  ear,  or  we 
can  shut  the  sound  oflE.  The  other  ear  is  tightly  closed  with 
beeswax  softened  with  a  little  turpentine. 

Within  the  limits  of  the  intensities  of  sound  used  in  these 
experiments  I  found  no  change  in  the  duration  of  the  sensa- 
tion with  change  in  the  intensity  of  the  sound.  It  seems 
probable  that  such  connected  changes  exist.  If  they  do  exist, 
then  it  would  appear,  from  the  smoothness  of  the  curve  I 
have  obtained  from  the  experiments,  that  the  relative  mean 
intensities  of  the  sounds  used  did  not  vary  suflSciently  to  make 
apparent  any  change  in  the  duration  of  the  after-sensation  with 
change  in  the  intensity  of  the  stimulus. 

Table  of  results  of  experiments.  The  empirical  formula  which 
gives  the  relation  of  the  pitch  of  a  sound  to  the  duration  of  its 
residual  sonorous  sensation. 

The  results  of  the  experiments  made  with  the  various  forms 
of  apparatus  just  described  are  given  in  the  following  Table  I. 


Table  I. 

A 

B 

C 

D 

E 

F 

6 

H 

I 

K 

L 

UTi 

64 

23-1 

^i^ 

•0361 

•0369 

-•0008 

r38 

UTa 

128 

36 

TW'* 

•0231 

*0228 

-0003 

•0280 

•0324 

+  •0044 

1^77 

so  La 

192 

•0232 

•0237 

+  •ooos 

UT, 

256 

62 

7nr*4 

•0134 

•0133 

-•0001 

•0190 

•0189 

-0001 

206 

Mis 

320 

73 

•gV'B 

•0114 

•0112 

-•0002 

•0160 

•0158 

-•0002 

212 

SOL, 

384 

88 

"nnf'ir 

•0094 

•0097 

+  -0003 

•0137 

•0137 

•0000 

2^18 

UT4 

512 

108 

TtTT 

•0077 

•0078 

+  •0001 

•OHO 

•0109 

-•0001 

237 

Mi  4 

640 

126 

TtT*"ff 

•0066 

•0067 

+  •0001 

•0092 

•0092 

•0000 

253 

SOL4 

768 

143 

*  W  A      mt 

TTT'ir 

•0058 

•0059 

+  •0001 

•0080 

•0081 

+  0001 

2  68 

UT. 

1024 

170 

kr 

•0049 

•0049 

-•0000 

•0066 

•0066 

•0000 

301 

Mi5 

1280 

m0  ^M  ^ 

•0057 

•0057 

•0000 

SOLft 

1536 

•0062 

•0052 

•0000 

Ute 

2048 

•0045 

•0044 

-•0001 

Mie 

2560 

•0039 

•0039 

•0000 

SOLe 

3072 

•0036 

•0036 

•0000 

Column  A  gives  the  names  of  the  sounds,  and  B  the  num- 
bers of  their  vibrations  (v.  d.)  per  second.  C,  the  number  of 
beats  of  interrupted  sound  received  by  the  ear  in  a  second  to 
blend  into  a  continuous  uniform  sensation.  In  column  D  are 
the  durations  of  the  residual  sonorous  sensations  expressed  in 
vulgar  fractions.  The  numbers  in  column  D  are  obtained,  as 
already  explained,  by  diminishing  the  reciprocals  of  the  num- 
bers in  col.  C  by  \.     Under  E  are  the  fractions  in  column  D 
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in  decimals.    Under  F  arc  the  durations  of  the  residual  sen- 
sations computed  by  the  formula 


In +30 


+  18)-0001 


in  which  D  =  the  duration  of  the  residual  sensation  given  by 
a  sound  of  K  number  of  vibrations  per  second.  Under  G 
are  the  difEerenees  between  the  computed  and  observed  values 
of  the  residual  sensations.  These  differences  are  so  small, 
except  in  the  case  of  SOL,,  that  we  may  adopt  the  empirical 
formula  as  expressing  the  law,  which  connects  the  pitch  of  a 
sound  with  the  duration  of  its  residual  sonorous  sensation. 
This  formula,  however,  only  refers  to  my  own  auditory  sensa- 
tion. It  is  a  physiological  law  and  I  imagine  that  the  durations 
of  these  residua!  sonorous  sensations  will  vary  more  with  dif- 
ferent observers  than  do  analogous  visual  sensations.  It  is 
therefore  to  be  wished  that  others  will  repeat  these  experi- 
ments and  obtain  determinations  which,  when  combined,  will 
give  a  law  which  may  be  accepted  as  the  expression  of  the 
average  durations  of  the  residual  sonorous  sensations. 
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sound.  The  results  given  only  refer  to  intervals  so  formed. 
To  obtain  them  the  forks  were  gently  vibrated  by  strokes  of 
rubber  hammers  that  varied  in  hardness  with  the  pitch  of  the 
forks.  The  lower  the  pitch  of  the  fork  the  softer  should  be 
the  hammer.  A  hammer  of  hard  rubber  striking  low  pitched 
forks  will  develop  the  upper  partial  tones  of  the  forks  and  so 
vibrate  the  experiments  that  a  really  consonant  interval  nnight 
be  judged  as  dissonant. 

The  results  of  all  the  experiments  may  be  summed  up  afl 
follows :  From  SOL,  of  192  v.  d.  to  MI,  of  2560  v.  d.  the 
smallest  consonant  intervals  are  closely  given  by  the  formula 

N:N-h 


I  XT r- +23) -0001 

\N+23  / 


For  sounds  below  SOL,  the  interval  as  computed  by  the 
formula  is  too  small  to  agree  with  the  true  interval.  For 
sounds  above  MI,  (2560  v.  d.)  the  intervals  computed  by  the 
formula,  like  those  below  SOL,,  are  too  small.  That  the 
experimental  determination  of  the  smallest  consonant  interval 
throughout  four  octaves,  upward  from  SOL,,  or,  throughout 
the  tones  given  by  the  violin,  should  agree  so  closely  with  the 
formula  indicates  the  existence  of  a  law  connecting  the  magni- 
tude of  the  smallest  consonant  interval  with  its  position  in  the 
musical  scale. 

Dr.  Koenig  has  shown  that  a  consonant  interval  does  not 
exist  among  simple  sounds  of  pitch  below  SOLj  (96  v.  d.),  yet 
I  have  found  that  the  sound  of  UT^  (64  v.  d.),  when  inter- 
rupted by  a  rotating  perforated  disk,  blends  perfectly,  to  my 
ear,  when  these  interruptions  occur  23  1  times  in  a  second. 
It  may  appear  strange  that  although  23*1  interruptions  per 
second  of  the  sound  UT^  blend,  yet  a  consonant  interval  does 
not  exist  throughout  the  interval  of  ITT^  till  the  interval 
UTj :  UT,  is  reached  ;  but  the  beats  produced  by  the  rotating 
perforated  disks  are  produced  by  the  interruptions  of  one  tone, 
whereas,  when  two  simple  tones  are  conjoined  two  sets  of  beats 
are  produced,  inferior  and  superior ;  thus,  when  UTi  forms 
an  interval  with  UT,+23  v.  d.,  the  inferior  beats  are  23  per 
second  and  the  superior  beats  are  41  per  second,  and  the  inter- 
action of  these  inferior  and  superior  beats  produces  secondary 
beats  which  give  to  the  interval  a  confused  rumbling  sound.* 
Of  this  interval,  UT^ :  UT  +  23*1,  Dr.  Koenig  wrote  to  me  as 
follows :  "  Your  23*1  interruptions  of  UTj  correspond,  in 
number,  to  the  inferior  beats  of  the  simple  tones  UTj :  UT^  + 

*See  Quelques  Flxperiences  d'Acoustique,  par  Rudolph  Koenig.     Paris,  1S82, 
pp.  89,  107,  113. 
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23-1,  but  it  is  just  at  this  magnitude  of  interval  that  the  supe- 
rior beats  begin  to  assert  themselves,  to  produce  with  what 
remains  perceptible  of  the  inferior  beats,  the  confused  rumb- 
ling, which  evidently  would  be  but  a  slight  roughness  (disap- 
pearing entirely  at  a  further  increase  of  the  interval),  if  the 
superior  beats,  whose  intensity  from  this  point  increases  with 
the  interval,  did  not  exist." 

$.  The  Durations  of  the  Residual  Sonorous  Sensations  as  de- 
duced from  the  Smallest  Consonant  Intervals  among  Simple 
Tones, 

If  we  assume  that  two  simple  tones  form  the  smallest  conso- 
nant interval  because  the  beats  produced  by  these  conjoined 
sounds  have  blended  into  a  smooth  continuous  sensation,  then 
we  may  deduce  the  durations  of  the  residual  sonorous  sensa- 
tions from  the  observed  smallest  consonant  intervals  in  the 
following  manner.  The  reciprocals  of  the  numbei's  in  column 
C,  Table  II,  are  taken  as  expressing  the  durations  of  the  sono- 
rous sensations  given  by  tones  whose  numbers  of  vibrations 
are  the  mean  of  those  of  the  lower  and  higher  tones  of  the 
corresponding  consonant  intervals,  for,  when  two  sounds  of 
different  pitch  blend,  there  is  no  reason  why  the  duration  of 
their  residual  sensation,  as  given  by  the  reciprocal  in  column 
C,  should  refer  to  the  lower  sound  more  than  to  the  higher. 
Therefore  we  have  taken  these  reciprocals  from  column  C  as 
expressing  the  durations  of  sounds  having  the  mean  pitch  of 
the  two  associated  sounds  forming  the  interval.  The  residual 
sensations  thus  found  were  projected  in  a  curve,  drawn  to  a 
large  scale.  From  this  curve  were  obtained  the  durations  of 
the  residual  sensations  of  the  tones  of  the  musical  scale.  These 
durations  are  given  in  column  H  of  Table  L 

In  column  I  of  Table  I  are  given  these  durations  as  com- 
puted by  the  formula 


^        /  48000  \ 

I^  =  (  XT — ;^  +  -l  1*0001 
\N  +  30         / 


In  column  K  are  the  differences  between  the  durations  com- 
puted by  the  formula  and  the  durations  given  in  column  H. 
These  differences  show  that  the  formula  expresses  closely  the 
durations  of  the  residual  sensations  thus  deduced  from  the 
determinations  of  the  smallest  consonant  intervals,  except  in 
the  case  ofUT,;  for  which  tone  the  computed  number  of 
vibrations  to  be  added  to  it  to  form  the  higher  tone  of  its 
smallest  consonant  interval,  as  shown  in  Table  II,  is  5*2  vibra- 
tions less  than  the  number  of  vibrations  really  required. 

In  figure  11  these  durations,  as  determined  from  the  smallest 
consonant  intervals  are  plotted  in  the  curve  F  so  that  the  com- 
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parison  of  the  durations  of  the  residual  sonorous  sensations 
thus  determined  may  be  readily  compared  with  those  given 
(by  the  curve  I),  of  the  residual  sensations  as  determined  by 
the  blending  of  sounds  interrupted  by  rotating  perforated 
disks. 

The  ordinates  of  the  curve  I  and  F  of  fig.  11  are  obtained 
in  fractions  of  a  second  by  changing  the  numbers  1.  2  and  3 
on  the  left  of  fig.  11  into  -01,  -02  and  -03. 

These  two  curves  of  fig.  11  present  the  same  general  char- 
acter of  a  rapid  upward  flexure  at  the  points  corresponding  to 
about  600  V.  d. 

The  durations  of  the  sound- sensations  thus  deduced  from 
the  smallest  consonant  intervals  average  about  i  greater  than 
those  given  by  the  beats  of  interrupted  sounds.  It  may  be 
supposed  that  the  durations  of  the  sonorous  sensations  deduced 
from  the  smallest  consonant  intervals  of  simple  tones  are 
greater  than  those  determined  by  sounds  interrupted  by  the 
perforated  disks  because  in  the  resultant  actions  oi  the  vibra- 
tions of  the  tones,  forming  the  smallest  consonant  intervals, 
the  periods  of  silence,  or,  of  the  periods  of  great  diminution 
of  sound,  are  a  fraction  of  the  periods  of  sound,  or,  of  the 

feriods  of  maximum  intensity  of  sound.  To  test  this  opinion 
combined  the  sinusoids  corresponding  to  the  two  tones  of 
various  smallest  consonant  intervals.  On  taking,  as  the  re- 
sidual duration  of  th^  sound,  not  the  time  from  maximum  to 
maximum  of  vibration  (as  in  the  deduction  of  the  durations 
from  the  smallest  consonant  intervals),  but  the  interval  of  time 
during  which  much  diminished  intensity  of  sound  exists,  as 
shown  in  the  combined  curves,  I  found  that  the  durations  of 
sonorous  sensations  were  thus  reduced,  on  the  average,  about 
^,  whereas,  the  reduction  in  time  should  be  only  i  to  make 
these  durations  agree  with  those  determined  by  the  rotating 
perforated  disks.  The  explanation  suggested  is  therefore  not 
tenable. 

For  the  period  of  much  diminished  intensity  of  sound  I 
took  that  length  (in  time)  of  the  resultant  curs^e  which  is 
bounded,  at  each  end,  by  an  amplitude  of  vibration  ^  of  the 
maxima  amplitudes  of  the  curve.  We  are  here  in  doubt  as  to 
the  relative  intensities  of  the  sensations  given  by  two  sound- 
vibrations  whose  amplitudes  are  2 :  1  and  whose  energies  are 
4 : 1.  We  at  once  face  an  obstacle  which,  from  our  want  of 
knowledfi^e,  is  insurmountable ;  for,  assuming  that  either  the 
law  of  Weber,  or  the  formula  of  Fechner  deduced  from  it, 
correctly  gives  the  relations  existing  between  the  intensity  of 
a  stimulus  and  its  corresponding  sensation,  we  cannot  apply 
either  of  these  laws,  because  we  do  not  know  the  absolute 
energies  of   the  sound-vibrations  whose  sensations  are  to  be 
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compared.  Thus,  if  we  adopt  the  law  of  Weber,  with  the 
least  perceptible  difference  in  the  sensation  of  two  sounds 
equal  to  ^  of  their  energy,  as  given  by  the  experiments  of 
V  olkmann,*  we  find  that  if  1  and  4  are  the  absolute  energies 
of  the  sound-vibrations  we  get  for  the  ratio  of  thdir  corre- 
sponding intensities  of  sensations  1 :  2*6,  but,  if  the  absolute 
energies  of  the  sounds  are  10  to  40  (and  their  ratio  is  also  1 : 4), 
we  get  for  their  relative  sensations  1 :  1*48.  Or,  what  is  the 
same,  on  the  curve  expressing  the  law  of  Weber,  or,  of 
Fechner,  the  ratio  of  the  sensations  of  two  sounds  as  given  by 
their  corresponding  ordinates,  depends  on  the  number  of  units 
on  the  abscissas  torming  the  ratio  of  the  energies  of  these 
sounds. 

Professors  Oattell  and  FuUerton  from  extended  experiments 
"  On  the  Perception  of  Small  Difference8,"f   very  carefully 

*  Tn  the  investigations,  of  which  I  have  knowledge,  the  experimenters  have 
used  eitlier  noises,  or,  sounds  of  complex  composition  mingled  with  noise,  and 
the  ways  in  which  they  have  determined  the  relative  energies  of  sounds,  or,  of 
noise-producing  "vibrations,  are  open  to  criticism.  I  do  not  know  of  similar  ex- 
periments made  with  simple  sounds,  or,  tones.  1  would  suggest  that  the  problem 
of  determining  the  diflEerences  in  the  energies  of  two  simple  sounds  to  give  a  per- 
ceptible difference  in  the  sensations  they  cause  may  be  solved  as  follows :  A  fork, 
or,  rod,  is  vibrated  with  a  constant  amplitude  and  this  amplitude  is  measured  with 
a  micrometer-microscope.  A  second  fork,  or,  rod,  placed  alongside  of  the  first 
fork,  or,  rod,  has  a  much  smaller  amplitude  of  vibration,  which  can  be  varied, 
and  is  also  measured  with  a  microscope.  The  second  fork  differs  from  the  first 
slightly  in  pitch,  so  that,  say,  three  beats  per  second  are  given.  The  amplitude 
of  the  second,  or.  of  the  first  fork,  is  varied  till  the  perception  of  beats  just  van- 
ishes or  just  appears,  while  the  ear  is  kept  at  a  fixed  distance  from  the  forks.  If 
we  take  for  the  relative  energies  of  the  sound-givirig  vibrations  the  ratio  of  the 
squares  of  the  amplitudes  of  the  forks,  the  least  perceptible  difference  in  sensa- 
tion corresponding  to  the  differences  in  the  energies  of  the  sounds  may  be  com- 
puted. As  example:  suppose  the  second  fork  has  ^^  of  the  amplitude  of  vibra- 
tion of  the  first.     Then  the  energy  of  the  maximum  sounds  of  the  beats  will  be 

2 

20+1    =441,   and  the  energy  of   the   minimum  sound  of  the  beating  will  be 

2 

20—1  =  3G1,  and  ||^  =  the  ratio  of  ihe  stimuli  giving  the  least  perceptible 
difference  in  sensatiou.  Sound  vibrations  of  different  amplitudes  and  of  different 
pitch  will  have  to  be  experimented  with  and  the  fork  giving  the  greater  ampli- 
tude of  vibration  should,  in  successive  experiments,  be  lower  in  pitch  and  then 
higher  in  pitch  than  the  fork  giving  the  lesser  amplitude  of  vibration,  for  reasons 
set  forth  in  my  research.  ''  (I)  On  the  obliteration  of  the  sensation  of  one  sound 
by  the  simultaneous  action  on  the  ear  of  another  more  intense  and  lower  sound. 
(2)  On  the  discovery  of  the  fact  that  a  sound  even  when  intense  cannot  obliterate 
the  sensation  of  another  sound  lower  than  it  in  pitch."  (This  Journal,  Nov.,  1876; 
Nature,  Aug.  10,  1876).  t?uch  a  research  will  be  difficult  and  tedious  and  will 
require  many  precautions  in  arranging  the  experiments. 

Any  one  may  readily  observe  the  phenomena  described  by  sounding  a  fork 
with  a  large  amplitude  of  vibration  and  gradually  bringing  up  to  the  ear  a  second 
fork  with  a  small  amplitude  of  vibration,  giving  with  the  first  three  beats  per 
second.  As  the  latter  fork  gradually  approaches  the  ear  the  beats  become 
stronger,  reaching  a  maximum  of  intensity,  and  then  diminishing  till  they  vanish 
in  the  more  intense  sensation  of  the  more  intense  sound,  to  reappear  when  the 
faintly  vibrating  fork  has  been  brought  closer  to  the  ear. 

f  Publications  of  the  University  of  Pennsylvania.  Philosophical  Series,  No.  2, 
May,  1892. 
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made  and  skillfully  reduced,  have  formed  the  opinion  that 
neither  the  law  of  Weber,  nor  Fechner's  formula  is  correct, 
and  a  priori  considerations  lead  them  to  the  opinion  that 
it  is  probable  that  the  sensation  is  directly  as  the  stimulus. 
If  the  sensation  increases  directlv  as  the  stimulus,  then  we 
can  obtain  the  lelative  sensations  of  two  sounds  whose  relative 
energies  are  known.  Adopting  this  relation,  we  have  1 :  4  as 
the  ratio  of  the  maximum  sensation  in  the  periods  taken  for 
those  of  much  diminished  sound  to  the  maximum  sensation  in 
the  periods  of  much  increased  sound,  as  given  by  the  measure- 
ments of  the  amplitudes  of  the  resultant  curves  of  the  nearest 
consonant  intervals. 

In  explanation  of  the  facts  and  laws  given  in  this  paper  I 
have  no  hypothesis  to  offer.  It  appears  to  me  that  the  present 
condition  of  our  knowledge  of  audition  demands  that  we 
should  ascertain  more  facts  relating  to  it  before  we  frame 
hypotheses  on  the  mechanism  and  action  of  the  apparatus  of 
hearing. 

Stevens  Institute  of  Technology,  Hoboken,  N.  J. 
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by  S.  F.  Peckham. 

[Read  at  the  World's  Congress  of  Chemists,  Chicago,  III.,  Aug.  25th,  1893.] 

The  chemical  examination  of  petroleum  has  been  conducted 
along  two  different  lines  of  research.  Sometimes  one  has 
been  followed  to  the  exclusion  of  the  other  and  sometimes  the 
two  have  been  combined.  The  method  most  familiar  to 
chemists  is  that  of  distillation,  usually  more  or  less  destruc- 
tive. The  less  well  known  method  consists  in  separating  the 
constituents  of  the  petroleum  by  the  successive  application  of 
solvents,  in  the  use  of  which  term  I  propose  in  this  paper  to 
exercise  considerable  latitude. 

The  earliest  analysis  of  petroleum  is  described  by  de  Saussure 
in  a  paper  published  in  the  Bibliotheque  Universelle  in  1817.* 
He  examined  the  so-called  naphtha  of  Amiano,  a  very  light 
and  almost  colorless  petroleum.  He  purified  it  by  distillation 
and  determined  the  percentage  composition,  as  if  it  were  an 
homogeneous  substance.  Twenty  years  later,  in  1837,t  Bous- 
singault  published  his  celebrated  memoir  on  the  composition 

•Bibliotheque  Universelle,  iv,  116;  Annales  de  Chemie  et  de  Physique  (2), 
iv,  3J4-H40 ;   fxjndon  Journal  of  Science,  iii,  411. 

f  Annales  de  Chemie  et  de  Physique  (2),  Ixiv,  141 ;  Journal  of  the  Franklin 
Institute,  xxiv,  138;  Xew  Edinburg  Philosophical  Journal,  xxii,  97. 
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of  bitamens,  in  which  he  described  hia  manner  of  separating, 
partly  by  distillation  and  partly  by  solution,  what  he  supposed 
were  two  homogeneous  substances  from  the  petroleum,  or  more 
properly  maltha,  of  Bechelbronn  on  the  lower  Rhine.  Ho 
found  that  in  making  the  separation  by  distillation  it  was 
necessary  to  keep  the  material  heated  in  an  air  bath  for  from 
46  to  50  hours,  and  in  a  note  makes  this  pregnant  observation  : 
*'  ]iy  this  method  it  is  impossible  to  estimate  the  two  princi- 
ples of  the  bitumen;  as  at  this  temperature  (250°  C.)  a  part  of 
the  petrolene  is  oxidized  and  passes  into  the  solid  state,  or 
asphaltene."  These  two  substances,  the  petrolene  or  liquid 
part,  and  the  asphaltene  or  solid  part  into  which  nearly  all 
bitumens  may  be  resolved  in  varying  proportions,  have  not 
received  the  attention  which  they  deserve,  partly  because  as 
chemical  compounds  they  are  without  significance  and  partly 
as  they  are  separated  from  different  bitumens,  the  petrolene 
in  particular,  they  have  very  unlike  properties. 

On  visiting  southern  California  in  1865,*  all  the  natural 
phenomena  attending  the  passage  of  petroleum  through  maltha 
into  asphaltum,  were  witnessed  upon  a  very  extended  scale, 
and  I  was  forced  to  consider  as  matters  of  economic  import- 
ance, many  problems  that  had  not  hitherto  been  brought  to 
the  attention  of  technologists.  In  what  manner  the  changes, 
everywhere  proceeding  upon  the  surface  were  related  to 
possible  changes  below  the  surface,  led  me  to  imitate  in 
every  respect,  save  the  element  of  time,  the  operations  of 
nature  as  far  as  possible.  I  therefore  proceeded  upon  a  syn- 
thetic rather  than  an  analytic  line  of  investigation,  and  treated 
the  unchanged  oil  issuing  from  deep-seated  strata,  to  the 
action  of  air  and  ozone.  As  the  action  of  these  reagents 
might  be  explained  as  due  either  to  the  addition  of  oxygen  or 
to  the  substraction  of  hydrogen,  I  tried  the  effect  of  chlorine 
and  found  it  to  be  in  the  main  identical  with  that  of  the  first 
named  gases.  The  product  of  these  reactions  was  a  brilliant 
solid,  appai-ently  identical  with  pure  asphaltum,  and  also  with 
Boussingault's  asphaltene. 

In  18'i0,  I  stated  the  problem  to  Prof.  J.  D.  Whitney  as 
follows :  "  To  discover  if  possible  whether  asphaltum  is  formed 
from  petroleum  by  a  change  that  adds  oxygen  or  substracts 
hydrogen  or  both?  To  subject  several  typical  varieties  of 
petroleum  to  the  action  of  ozone  under  conditions  as  nearly 
identical  as  possible.  To  study  the  residues  of  such  action 
and  establish  the  identity  (if  such  identity  exists)  between  the 
solid  residues  and  native  asphalts.  To  study  the  liquid  and 
volatile  products  of  such  decomposition." 

•Geological  Survey  of  California,  Geology,  ii,  Appendix,  p.  73;  Reports  10th 
Census  U.  S.,  vol.  x,  Petroleum,  p.  185. 
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Since  1870  Le  Bel  and  Montz,*  (1872)  haTe  treated  Syrian 
asphalt  and  seTeral  other  forms  of  bitumen  to  the  solvent 
action  of  ethjlic-ether.  Ethjlic-alcohol  was  then  added  to  the 
solntion  and  the  bitumen  precipitated.  The  solution  and  pre- 
cipitation were  repeated  ontil  the  precipitated  bitumen  was 
quite  pure.  It  appears  as  a  brown  powder.  From  solution  in 
carbon  disulphide  it  appears  in  brilliant  black  scales^  which  are 
insoluble  in  light  petroleom  naphtha  (paraffines)  but  dissolve 
in  the  heavy  distillates,  which  fact  readily  accounts  for  the 
difference  in  color  between  the  light  and  heavy  natural  oils. 
These  authors  remark  that,  ^*^  Its  (asphaltene)  presence  in  nat- 
ural bitumens  proves  that  they  have  not  been  submitted  to 
distillation,  nor  even  the  action  of  a  high  temperatore,  which 
corroborates  the  most  generally  received  opinion  respecting 
their  origin,  that  they  have  been  directly  derived  from  coal  or 
lignita" 

Subsequent  research  by  Le  Bel  showed  that  a  resinous  sub- 
stance remained  dissolved  in  the  ether  that  was  readily  acted 
on  by  sulphuric  acid.  Distillation  converted  it  into  a  residue 
of  carbon,  light  oils  and  gas.  These  light  oils  when  treated 
with  iodohydric  acid  yielded  compounds  of  the  oleiine  series. 

Later,  Cabotf  discovered  that  paraffines  subjected  to  the 
action  of  sulphur  at  temperatures  above  their  boiling  points 
were  converted  into  hydrogen  sulphide  and  carbon.  At  about 
the  same  time  Jenney,:^  aspirated  air  continuously  for  forty  or 
more  hours,  through  refined  illuminating  and  Inbricating  oils, 
in  presence  of  litharge  and  at  a  temperature  of  100°  C.-140°  C. 
By  this  means  he  converted  a  portion  of  the  oil  into  a  solid 
oxidized  residue,  a  portion  distilled  into  the  receiver,  and  a 
portion  remained  in  the  retort.  These  residues  were  either 
brilliant  black  solids  or  brownish  flocculent  precipitates,  which 
were  all  soluble  in  carbon  disulphide. 

Lastlv,  I  have  latelv  found  that  a  heavv  fraction  of  a  distil- 
late,  that  was  a  transparent  mobile  fluid,  obtained  by  distilling 
California  petroleum  at  nearly  a  red  heat,  when  left  to  stand 
in  an  open  lacker  glass  for  from  12-14  months,  had  become 
so  charged  with  asphaltene,  that  the  addition  of  petroleum 
naphtha  or  any  of  the  liquids  in  which  asphaltene  is  insoluble, 
at  once  produced  a  brown  flocculent  precipitate.  This  obser- 
vation completely  contradicts  the  conclusion  reached  by  Le 
Bel  and  Muntz,  and  stated  above,  that  natural  oils  containing 
asphaltene  could  not  have  been  distilled  or  subjected  to  high 
temperatures. 

•Bulletin  de  la  Societe  Chemique  de  Paris,  xvii,  156. 

+  American  Chemist,  vii,  20;  Chemical  News,  xxxvi,  114;  Wagner's  Berichte, 
1876.  p.  1110. 
X  American  Chemiat,  v,  309;  Wagner's  Berichte,  1875,  p.  1060. 
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These  researches  show  that  the  soluble  and  fluid  portions  of 
bitumens  are  converted  into  insoluble  and*  solid  forms,  that 
may  or  may  not  contain  oxygen,  either  by  prolonged  action  of 
air  and  other  oxidizing  agents  at  ordinary  temperatures,  or  at 
higher  temperatures.  They  also  show  that  the  same  effects 
are  produced  without  the  action  of  reagents  by  prolonged 
heating  alone  and  the  familiar  process  in  technology  known  as 
"  cracking,"  is  a  further  illustration  of  the  tendency  of  bitu- 
mens under  the  influence  of  heat  alone,  to  break  up  into  one 
series  of  compounds  richer  than  the  original  in  hydrogen  and 
another  compound  or  series  of  compounds  richer  than  the 
original  in  carbon. 

Now  within  a  few  years  and  since  all  of  this  work  was  com- 
pleted, the  laying  of  asphalt  pavements  has  become  an  indus- 
try involving  the  expenditure  of  vast  sums  of  money  and 
consequently  presenting  technical  problems  of  vast  importance. 
The  technology  proceeds  about  as  follows :  A  quantity  of 
asphaltum  is  brought  to  New  York  from  Trinidad.  This 
asphaltum  consists  of  water,  27  per  cent ;  inorganic  matter,  con- 
sisting of  fine  aluminous  sand,  27  per  cent ;  organic  matter 
insoluble  in  carbon  di-sulphide,  8  per  cent ;  bitumen  38  per 
cent.  This  crude  asphaltum  is  put  into  large  open  kettles  and 
melted,  the  temperature  being  raised  and  maintained  for  some 
time  in  the  neighborhood  of  400°  F.  By  this  treatment  the 
water  and  lighter  oils  are  expelled,  and  a  portion  of  the  mine- 
ral matter  sinking  out  of  the  melted  mass  to  the  bottom  of 
the  kettles,  a  "refined  pitch  '^  is  left,  which  is  drawn  off.  This 
"  refined  pitch,"  consists  in  round  numbers,  of  56  per  cent  of 
bitumen,  36  per  cent  of  mineral  matter  and  8  per  cent  of 
organic  matter  not  bitumen.  Of  the  56  per  cent  of  bitumen, 
36  per  cent  is  soluble  in  petroleum  naphtha,  leaving  20  per  cent 
that  may  be  obtained  from  solution  in  carbon  di-sulphide  in 
brilliant  black  scales.  Properly  interpreted  the  refined  pitch 
consists  of : 

Petrolene 36  per  cent. 

Asphaltene __ 20  per  cent. 

Organic  matter  not  bitumen.-     8         " 

Mineral  matter 36         *' 


<t  Q«  u 


64  "  36 

64  per  cent  of  material  without  cohesion  ;  that  is,  dry  solids 
for  the  most  part,  are  held  together  by  36  per  cent  of  a  vis- 
cous adhesive  tar.  The  20  percent  of  the  asphaltene  dissolves 
in  the  petrolene,  the  remaining  44  per  cent  being  simply  min- 
eral and  organic  matter  held  together  by  the  combined  bitu- 
mens. 
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The  next  8tep  in  the  process  is  the  addition  to  the  refined 

f)itch  of  about  15  per  cent  of  its  weight  of  some  heavy  petro- 
euin  residuum,  which  renders  the  bitumen  softer,  and  at  the 
same  time  may  or  may  not  dissolve  both  petrolene  and  asphal- 
tene.  The  mixture  is  made  complete  by  blowing  air  through 
the  melted  mass  for  hours  or  even  days.  Sand  is  then  added 
to  the  bituminous  cement  until  the  bitumen  is  only  equal  to 
10  per  cent  of  the  mass.  To  incorporate  the  sand  with  the 
viscous  mass,  both  are  heated  very  hot  and  the  sand  and  bitu- 
men thoroughly  mixed,  when  the  mastic  thus  produced  is  put 
in  its  place  and  rolled. 

Very  great  diversity  is  observed  in  the  durability  of  the 
mastic  thus  prepared  and  laid,  and  to  account  for  these  diversi- 
ties Mr.  Clifford  Richardson*  would  have  us  believe  that  it 
depends  on  the  excavation  on  the  Island  of  Trinidad  from 
which  the  crude  asphalt  was  taken.  So  too  the  Hon.  Commis- 
sioner of  Public  Works  of  the  City  of  New  York,  by  the 
advice  of  Stevenson  Towle,t  Consulting  Engineer,  has  reached 
a  similar  conclusion.  Speaking  of  the  Eighth  Ave.  pavement, 
a  part  of  which  "showed  indications  of  disintegration"  before 
it  was  accepted  Mr  Towle  says,  "  the  asphalt  used  in  this  work 
was  submitted  by  the  contractor  and  analyzed  and  approved  by 
chemical  experts ;'  and  yet,  farther  on  in  this  same  report  it 
is  stated  that  the  asphalt  was  condemned  because  it  was  taken 
from  one  excavation  on  the  island  rather  than  another. 

It  is  a  very  significant  fact  that  an  asphalt  pavement  should 
show  signs  of  disintegration  within  a  few  weeks  of  the  time 
of  its  having  been  laid.  Especially  is  this  the  case  when  it  is 
considered  that  some  of  the  most  enduring  constructions  of 
antiquity,  which  have  withstood  the  ravages  of  time  for  at 
least  3000  years,  are  constructions  of  asphalt.  Modern  con- 
structions of  asphalt  in  Europe  are  said  to  remain  intact  for. 
more  than  twenty  years.  The  asphalt  pavement  laid  upon 
Franklin  Avenue  in  the  City  of  Buffalo,  has  stood,  with  almost 
no  expense  for  repairs,  for  fifteen  years  and  I  do  not  believe 
any  one  now  knows  from  what  exact  spot  the  asphalt  came. 
It  is  a  very  well  known  fact  however  that  the  material 
used  to  soften  the  asphalt  was  one  that  would  dissolve  both 
constituents  of  the  bitumen,  and  form  a  chemical  union  or 
solution  rather  than  a  mechanical  mixture  with  them.  No 
one  knows  how  old  the  asphaltic  sandstones  are  that  contain 
10  per  cent  of  bitumen,  but  they  do  not  disintegrate ;  they 
are  solid,  impervious  and  tough. 

♦Report  of  the  operations  of  the  Engineer  Department  of  the  District  of 
Columbia  for  the  fiscal  year  ending  June  30,  1892,  pp.  96-123. 

f  Report  of  the  Department  of  Public  Works  of  the  City  of  New  York  on 
Street  Pavements,  with  special  reference  to  Asphalt  Pavements.  Thomas  F. 
Gilroy,  Commissioner.     1892.    pp.  9,  and  11  et  seq. 
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If  sand  could  be  cemented  together  with  carbon,  it  would 
only  be  necessary  to  grind  up  anthracite  slack  and  mix  it  with 
sand  in  order  to  produce  a  paving  material.  It  is  evident  that 
the  hydrogen  combined  with  the  carbon  gives  it  adhesive 
properties,  and  this  within  certain  limits,  for  the  moment  a 
suflScient  amount  of  hydrogen  is  removed  to  convert  the  petro- 
lene  into  asphaltene,  or  whenever  the  softening  material  is  a 
petroleum  or  residuum  that  will  not  dissolve  asphaltene,  the 
elements  of  disintegration  are  present. 

The  observation  made  by  Boussingault  more  than  half  a 
century  ago,  and  quoted  above,  that  prolonged  heating  at  high 
temperatures,  converts  petrol ene  into  asphaltene,  which  has  no 
more  adhesive  properties  than  anthracite  slack,  appears  to  have 
been  overlooked  by  Messrs.  Kichardson  and  Towle,  for  they 
do  not  appear  to  regard  the  marmer  of  refining  and  blowing 
the  asphaltic  cement  as  of  any  importance.  Neither  for  the 
same  reason  do  they  appear  to  appreciate  the  bearing  of  my 
own  researches  or  those  of  Messrs.  Cabot  and  Jenney  upon 
this  question,  although  they  have  been  on  record  now  more 
than  twenty  years.  While  it  has  been  well  known  for  years 
that  bitumens  occur  in  great  variety,  the  selection  of  a  proper 
material  for  softening  the  asphalt  to  the  exclusion  of  others 
less  desirable  or  wholly  unfit,  appears  also  to  have  escaped 
attention.  A  properly  selected  material  for  such  a  purpose 
would  by  entering  into  solution  and  chemical  union  with  both 
the  constituent  parts  of  the  bitumen  of  the  asphalt,  thereby 
increase  its  adhesive  and  binding  properties  upon  the  other 
constituents  of  the  mastic.  Added  to  all  these  omitted  ele- 
ments of  the  problem  just  enumerated,  we  have  another  of 
great  importance,  and  that  is  the  total  proportion  of  bitumen 
to  the  total  proportion  of  sand  and  other  non-bituminous  in- 
gredients of  the  mastic.  Experience  proves  that  less  than 
10  per  cent-11  per  cent  to  90  per  cent-89  per  cent  gives  too 
little  stability  to  the  mass,  while  a  larger  percentage  of  bitu- 
men makes  the  pavement  too  soft. 

One  more  element  of  a  good  asphaltic  pavement  is  mechan- 
ical rather  than  chemical,  and  that  is  solidity.  The  pavemeut 
must  be  rolled  as  solid  as  asphaltic  rock  in  order  to  keep  out 
rain  water  and  the  action  of  the  oxygen  dissolved  in  it ;  for 
the  effect  of  oxidation  is  to  gradually  convert  the  petrolene  of 
the  asphalt  into  ashpaltene,  leaving  the  small  amount  of  soften- 
ing material  as  the  only  binding  constituent  of  the  mixture. 
When  this  softening  material  is  not  a  solvent  for  asphaltene 
the  pavement  inevitably  disintegrates. 

I  would  therefore  commend  to  the  consideration  of  those 
who  act  as  advisers  to  Commissioners  of  Public  Works,  not  a 
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less  careful  examination  of  the  asphalt  used,  from  whatsoever 
source  it  may  be  obtained  ;  but  in  addition  an  equally  careful 
exercise  of  judgment  regarding  the  softening  material  used, 
the  chemical  effects  of  refining  and  blowing,  with  careless 
management  of  either,  and  the  composition  and  mechanical 
structure  of  the  surface  pavement. 

It  is  far  from  complimentary  to  this  age  of  scientific  achieve- 
ment that  the  ancient  world  should  have  furnished  construc- 
tions of  asphalt  that  have  survived  to  the  present,  centuries 
after  their  builders  are  forgotten,  while  with  all  our  super- 
fluities of  refining  and  blowing,  with  penetrating  machines 
and  chemical  analysis,  of  which  they  knew  nothhig,  we  are 
only  able  to  prepare  constructions  that  endure  but  a  few 
months  or  even  years,  at  longest. 

I  am  aware  that  this  paper  is  inconclusive^  but  from  the 
nature  and  present  status  of  the  problem  it  must  be  so.  I 
think,  however,  it  is,  as  it  was  intended  to  be,  suggestive. 

UDivereity  of  Michigan,  Ann  Arbor,  Mich.,  Aug.  16,  189.3. 


Abt.  III. — The  age  of  the  extra-moraine  fringe  in  JEastem 
Pennsylvania  ;  by  Edward  H.  Williams,  Jr. 

At  the  Madison  meeting  of  the  Geological  Society,  the 
writer  called  attention  to  the  existence  of  this  deposit,  and 
claimed  that  it  was  a  true  "  fringe  "  and  of  recent  origin.  Sub- 
sequent study  has  afforded  the  material  for  this  paper,  which 
will  attempt  to  prove  that,  as  far  as  Eastern  Pennsylvania  is 
concerned,  the  extra-moraine  fringe  is  of  extremely  recent 
origin  and,  as  it  antedates  the  formation  of  the  great  moraine, 
all  glacial  deposits  in  this  region  are  of  extreme  recency. 

A  section  of  the  formation  near  Bethlehem  will  be  taken 
as  typical  of  the  average  for  the  region  at  the  same  level.  It 
shows  a  surface  clay,  unstratified  and  carrying  rolled  stones 
from  the  Blue  Kidge  and  beyond  (Oneida,  Medina,  Oriskany, 
Helderberg,  Marcellus,  Hamilton,  etc.),  and  covering  a  till 
that  varies  widely  in  its  nature ;  but  is  mainly  of  local  stuff 
of  angular  shape  mixed  with  a  greater  or  less  proportion  of 
rolled  material  similar  to  that  in  the  clay  and,  locally,  with 
angular  masses  of  the  same.  This  latter  rests  uniformly  on 
glaciated  rock  in  place.  This  section  may  vary  by  the  omis- 
sion of  the  till,  or  by  the  introduction  of  local  stratified  de- 
posits of  sand  and  clay.  In  every  instance  noted,  and  in 
thousands  of  instances,  the  pre-glacial  surface  soil  has  been 
removed,  and  the  subsequent  deposit  rests  unconformably  on 
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the  eroded  country  rock.  As  the  ice-extension  that  produced 
the  erosion  antedated  the  formation  of  the  great  moraine,  so 
also  the  upper  clay  is  of  the  same  age  or  younger  than  that 
formation.  We  have,  therefore,  a  section  that  gives  the  ex- 
treme limits  of  the  ice  age  in  this  region.  In  studying  the 
till  we  notice — 

First  The  admixture  of  fresh  and  oxidized  material  at  all 
levels,  and  the  uniformity  of  oxidation  at  any  point  along  a 
vertical  section.  The  oxidized  portion  consists  of  angular 
masses  of  all  sizes ;  or  of  angular  fragments  composing  a 
ground  moraine,  and  of  fragments  weathered  to  a  spheroidal 
shape.  The  fresh  portions  are  sub-angular  and  glaciated 
masses ;  or  rolled  bowlders,  cobbles,  pebbles  and  gravel.  The 
latter  are  not  found  at  a  uniform  level  in  the  deposits ;  nor  do 
they  occur  in  a  uniform  proportion,  as  sections  miles  in  length 
have  contained  but  half  a  dozen  of  these  foreigners  and  imme- 
diately adjacent  to,  and  continuous  with,  this  formation  the 
foreigners  would  form  an  appreciable  proportion  of  the  whole 
deposit.  This  curious  and  persistent  admixture  proves  that 
oxidation  preceded  glaciation  and,  while  it  may  be  taken  as  an 
evidence  of  the  presence  of  part  of  the  formation  at  or  near 
the  surface,  it  can  in  no  sense  be  used  as  a  criterion  of  the 
lapse  of  time  since  it  was  moved  to  its  present  position  and 
mixed  with  the  fresh  and  unoxidized  part.  This  lapse,  on  the 
contrary,  is  to  be  estimated  by  the  state  of  the  fresh  portion 
of  the  admixture. 

Second,  The  following  rule  is  universal.  On  going  in  the 
track  of  the  glacier  southward  across  the  outcrops  of  slate, 
limestone  and  sandstone  that  make  the  floor  of  the  great  val- 
ley, we  meet  the  ground  moraine  composed  mainly  of  com- 
paratively fresh  fragments  that,  as  in  the  case  of  the  slate, 
pass  gradually  into  the  crushed  and  bent  parts  of  the  outcrop 
and  rest  on  the  solid  rock.  As  we  go  to  the  south  the  slaty 
fragments  become  more  decomposed  and,  as  we  pass  from  slate 
to  limestone,  they  are  rotted  to  a  clay  that  retains,  however, 
the  cleavages  of  the  small  fragments.  In  the  same  way  the 
till  on  the  northern  part  of  the  limestone  belt  gradually  loses 
its  limestone  fragments  and  retains  only  the  chert  at  the  south. 
The  moraines  south  of  the  South  Mountain  have  their  southern 
border  formed  of  weathered  gneiss,  while  the  Blue  Ridge 
fresh  rocks  increase  in  proportion  toward  the  northern  border. 
This  shows  that  the  pre-glacial  surface  was  scraped  off  by  the 
glacier  and  exists  along  the  southern  part  of  the  formation, 
where  it  is  mixed  with  fresher  local  and  foreign  material. 

Third,  The  surface  outcrops,  and  those  capped  with  clay, 
of  gneiss,  sandstone,  slate  and  limestone  are  almost  universally 
fresh  and  undecomposed.     In  the  majority  of  cases  there  has 
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been  no  change  of  color  from  oxidation.  No  matter  what  the 
dip  and  strike  may  be,  they  come  sharply  to  the  surface  and 
the  cap  is  usually  unconformable,  except  where  a  steep  slope 
has  produced  a  local  creep.  For  examples  see  Preliminary 
Reports,  2d  Geol.  Surv.  Penna.,  DD,  Plate  I ;  D3,  vol.  i, 
Plates  II  and  III.  Tliese  show  that  the  till  and  clay  did  not 
oxidize  after  deposition ;  but  that  the  already  oxidized  deposit 
was  laid  upon  a  freshly  glaciated  surface.  It  also  shows  that 
the  date  of  glaciation  is  so  recent  that  the  gneiss,  limestone 
and  slate  have  had  no  time  to  decompose  or  oxidize.  In  other 
words,  the  glaciation  has  been  quite  recent.  There  are  thou- 
sands of  such  outcrops,  and  they  exist  at  all  elevations  between 
220-650  A.  T.,  and  under  caps  that  vary  from /loose  gravels  to 
compact  clays. 

Fourth,  There  seems  to  have  been  but  a  short  interglacial 
period — if  any  existed  at  all — as  the  surface  clay  in  many  cases 
shades  gradually  into  the  till ;  or  lies  in  a  highly  oxidized  state 
upon  a  glaciated  surface  of  absolutely  fresh  country  rock. 

Fifth,  There  has  been  an  unbroken  continuity  in  the  till  from 
the  crest  of  the  Blue  Ridge,  west  of  the  Lehigh  Gap,  to  the 
South  Mountain.  It  has  been  followed  down  to  and  under  the 
flood  plain  deposits  of  the  present  river  systems  of  the  region. 
It  has  been  a  favorite  amusement  with  some  to  argue  about  the 
length  of  the  interglacial  period  from  the  standpoint  of  the 
time  necessary  for  the  Lehigh  to  erode  a  channel  from  a  so- 
called  bed  over  Bethlehem  hill,  at  340  A.  T.  to  its  present  level 
at  220  A.  T.  It  might  have  saved  a  great  deal  of  bother  if  it 
had  been  ascertained  that  the  Lehigh  was  flowing  on  a  rock 
bottom.  It  has  been  ascertained  that  a  deep  gorge  runs  along 
the  north  side  of  the  South  Mountain  (whether  continuous  or 
not  is  not  yet  determined)  of  extremely  narrow  section  and 
with  a  bottom  of  fresh  limestone  at  depths  varying  from  sixty 
to  over  one  hundred  feet  below  the  present  surface,  and  this 
has  been  traced  from  Easton  to  within  seven  miles  of  Reading, 
or  from  the  Delaware  to  the  Schuylkill.  The  limestone  on  the 
north  side  drops  almost  vertically  down  to  the  maximum 
depth,  and  the  south  side  rises  at  a  sharp  angle.  The  section 
of  the  deposits  filling  this  depression  is  identical  hi  succession 
with  those  of  the  rest  of  the  valley.  In  other  words  we  have  a 
depression  that  is  glacial  or  pre-glacial,  and  is  tilled  with  the 
same  succession  of  sands,  clays,  till,  etc.,  that  cover  the  rest  of 
the  valley ;  but  the  individual  members  of  the  deposit  (except- 
ing the  top  one)  are  from  five  to  seven  times  as  thick.  The 
post-glacial  erosion  of  the  Lehigh  and  tributaries  is  a  myth. 

There  is  but  one  conclusion  to  be  derived  from  the  above. 
Granting  that  all  the  glacial  formations  (infra-  and  extra-mo- 
raine) represent   the  whole  work  of  the  ice  age  in  North 
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America,  and  that  we  have  them  all  in  Eastern  Pennsylvania, 
we  can  conclude  that  the  total  time  from  beginning  to  end 
was  small,  and  of  so  recent  a  date  that  the  streams — though 
resting  on  beds  of  clays — have  not  not  reached  in  all  cases  their 
pre-glacial  bottoms,  and  the  exposed  rocks — in  spite  of  greater 
or  less  exposure  to  the  atmospheric  agencies — have  not  had 
time  to  acquire  signs  of  decomposition  or  even  oxidation.  In 
fine,  we  seem  to  have  had  but  one  ice  age,  and  that  a  short  and 
recent  one. 


Art.  IV. — Naiea  on  the  Cambrian  Hocks  of  Pennsylvania^ 
from,  the  Susquehanna  to  the  Delaware  ^    by  Charles  D. 
Walcott. 

* 

In  a  former  paper  a  report  was  made  of  an  examination  of 
the  lower  Paleozoic  rocks,*  from  the  Susquehanna  to  the  Poto- 
mac, and  now  attention  is  called  to  some  observations,  made 
during  the  past  field  season,  relating  to  the  basal  quartzites  and 
limestones  of  the  lower  Paleozoic  rocks  that  extend  across 
Pennsylvania,  from  the  Susquehanna  river  to  the  Delaware 
river  and  across  New  Jersey  to  Orange  county,  New  York,  on 
the  north,  and  into  Chester  county,  Pennsylvania,  on  the  east. 

In  the  paper  mentioned  it  is  stated  that  Hyolithes  comrfiunis 
and  fragments  of  Olenellus  were  recognized  in  the  material 
collected  from  limestones  in  Lancaster  county,  on  the  east  side 
of  the  Susquehanna  river,f  and  that,  from  the  closely  related 
stratigraphic  arrangement  of  the  rocks  of  Lancaster  county,  it 
is  probable  that  all  the  Lancaster  limestones  will  fall  within 
the  Cambrian,  unless  it  be  that  some  portion  of  the  upper 
series  may  pass  into  the  Ordovician.  This  generalization  will 
also  apply  to  the  limestone  in  the  adjoining  counties  of  Berks 
and  Chester,  and,  in  fact,  to  the  entire  extension  of  this  series 
northeastward,  to  the  Delaware.  All  of  the  quartzites  that 
have  been  referred  to  the  Potsdam  will  necessarily  fall  into 
the  lower  Cambrian,  as  they  are  beneath  the  limestones.^ 

Prof.  A.  Wanner,  of  York,  Pa.,  accompanied  me  in  the  ex- 
amination of  the  limestones  about  the  city  of  Lancaster.  His 
familiarity  with  the  positions  of  the  quarries  and  natural  out- 
crops enabled  us  to  make  a  rapid  examination  of  the  limestones 
along  Conestoga  creek,  and,  although  no  fossils  were  found,  I 
saw  no  reason  to  think  that  the  limestones  were  not  of  Cam- 

*  Notes  on  the  OambriaD  rocks  of  Pennsylvania  and  Maryland,  from  the  Sus- 
quehanna  to  the  Potomac,  this  Journal,  vol.  xliv,  1892,  p.  469. 
fLoc.  cit,  p.  474. 
X  Loc.  cit ,  p.  476. 
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brian  age.  We  next  proceeded  to  the  eastern  side  of  the 
county,  where  the  southern  division  of  the  limestone  passes 
into  Chester  countv.  An  examination  was  made  of  the  lower 
quartzites  and  the  superjacent  h'mestones  at  Gap,  Limeville 
and  towards  Compassville.  A  few  Scolithus  borings  were 
noted  in  the  quartzites  northeast  of  Gap,  and  fragments  of 
Olenellus  and  specimens  of  Obolella  were  found  in  sandy 
layers  embedded  in  a  shale  one  mile  N.NE.  of  Gap.  The 
section  from  the  top  downward,  from  a  point  a  little  east  of 
Gap  northwest,  is : — 

5.  Massive-bedded,  light-colored  limoslone  with  partings  and 

small,  interbedded,  flattened  nodules  of  mica  schist. 
4.  Narrow  belt  of  hydroraica  schist,  with  thin  layers  of  hard 

calcareous  sandstone  containing  Obolella  and  fragments 

of  Olenellus. 
3.*  Massive  beds  of  bluish-black  and  nearly  white  limestone, 

extensively  quarried  at  Limeville. 
2.  Narrow  belt  of  shale  altered  to  a  hydro  mica  schist. 
1.  Quartzite,  in  the  hill  northeast  of  Gap. 

We  next  visited  the  extensive  quarries  at  Bellemont,  on  the 
main  line  of  the  Pennsylvania  railroad,  four  miles  west  of  Gap. 
In  the  quarries  the  conglomerate  limestone,  so  characteristic  of 
the  Cambrian  at  Stoner's  station  in  York  county,  are  beauti- 
fully exposed,  and  numerous  photographs  were  taken  of  the 
conglomerate  beds,  showing  their  positions  between  the  evenly- 
bedded  limestones.  The  limestones  and  conglomerates  belong 
to  (3)  of  the  Gap  section,  and  are  overlain  by  a  belt  of  shale  in 
which  massive  beds  of  a  line,  limestone  conglomerate  occur. 
No  time  was  given  to  searching  for  fossils. 

The  discovery  of  the  Olenellus  fauna  in  the  limestone  in  the 
eastern  portion  of  Lancaster  county,  north  of  Gap,  taken  in 
connection  with  the  eastern  section  in  York  county,  compels 
the  reference  of  the  so-called  Potsdam  rocks  of  Chester  county 
with  their  superjacent  limestones  to  the  Cambrian.  As 
mentioned  in  the  previous  paper,  it  is  quite  probable  that  the 
limestones  towards  the  Triassic  area,  in  the  northern  portion 
of  Lancaster  county,  may  be  of  Ordovician  age,  but  this  can 
only  be  proven  by  the  discovery  of  the  fauna. 

Northern  heit  of  Limestone, — As  shown  by  the  geological 
map  of  Pennsylvania  (1884),  the  northern  belt  of  limestone 
enters  the  State  in  Franklin  county  and  then  turns  to  the 
northeast  in  Cumberland  county,  crosses  the  Susquehanna  at 
Harrisburg  and  extends  on  eastward  across  Dauphin,  Lebanon, 
Berks,  Lehigh  and  Northampton  counties,  to  the  Delaware 
river.  The  Olenellus  fauna  was  found  in  the  quartzites  of 
South  mountain  in  Adams  county,  as  well  as  in  the  lower  ppr- 


(7.  D.  WaLcott — Cambrian  Rocks  of  Pennsylvania.       39 

tioDS  of  the  limestone  in  Franklin  county.*  From  this  and 
the  fact  that  the  lower  portions  of  these  limestones  and  the 
superjacent  quartzites  or  sandstones  were  known  to  be  of  lower 
Cambrian  age  in  their  extension  into  New  Jersey,  I  began  the 
examination  of  them  in  the  vicinity  of  Reading,  where  their 
relations  to  the  Reading  sandstone  are  well  defined.  The 
iScolithus  linearis  occurs  abundantly  in  the  quartzites  of  Penn 
mountain,  east  of  Reading,  and  on  the  south  side  of  Neversink 
mountain  across  the  Schuylkill.  In  the  upper  layers  of  the 
sandstone  or  quartzite  I  obtained  IlyolitheUus  7nicans  and 
fragments  of  a  species  of  Olenellus.  This  locality  is  about  one- 
hair  mile  above  Klappenthal  station,  on  the  Philadelphia  & 
Reading  railroad,  and  the  terminal  station  of  the  electric  road 
running  out  of  Reading  over  the  Neversink  mountain.  West 
of  the  first  railroad  cut  above  the  station  thinner  beds  of  quartz- 
ite are  met  with,  between  the  cut  and  the  stone-crusher  that 
carry  fossils.  The  quartzites  are  more  or  less  contorted  and 
folded,  but  their  stratigraphic  relations  to  the  main  quartzites 
of  the  mountain  and  to  the  adjoining  limestones  are  readily 
determined.     No  fossils  were  observed  in  the  limestones. 

The  sections  in  the  vicinity  of  Allentown  and  Bethlehem  were 
examined  and  found  to  be  essentially  the  same  as  at  Reading, 
the  quartzites  passing  beneath  the  limestone.  In  the  quarries 
at  Catasauqua,  four  miles  north  of  Allentown,  I  noted  the  oc- 
currence of  a  large  Pleurotomaria,  of  the  type  of  Pleuroto- 
maria  canadensis^  of  the  Calciferous  horizon  in  New  Fork 
and  Canada.  In  the  report  of  the  Second  Pennsylvania  Geo- 
logical Survey  of  Lehigh  ^nd  Northampton  counties  the  locali- 
ties of  fossils  are  all  on  the  northern  side  of  the  outcrop  of 
limestone,  in  the  strata  that  dip  to  the  northward  beneath  the 
superjacent  shales.  The  Trenton  horizon  is  represented  in  the 
limestone  immediately  beneath  the  shales  (called  "Hudson"), 
and  lower  down,  in  massive  limestone,  species  of  Maclurea  or 
Euomphalus  have  been  found  that  indicate  the  Chazy  horizon. 
This  distribution  of  faunas  is  the  same  as  in  Franklin  county, 
where  the  lower  Cambrian  fauna  occurs  at  the  base  of  the 
limestone  near  the  quartzites,  and  the  Trenton  fauna  at  the 
summit,  near  the  base  of  the  superjacent  shales. 

The  limestones  were  examined  in  the  vicinity  of  Easton, 
along  Bushkill  creek  and  the  shores  of  the  Delaware  river. 
No  fossils  were  found  with  the  exception  of  a  species  of  Cryp- 
tozoan :  but  from  the  similarity  of  the  limestone  to  that  of  the 
lower  portion  of  the  series  near  Allentown,  Reading  and  in 
Lancaster  country,  it  is  quite  probable  that  they  represent  the 
lower  or  Cambrian  portion  of  the  section.  Five  or  six  miles 
north  of  Easton,  in   the   vicinity  of  Churchville,  fossils  were 

*Loc.  cit.,  p.  478. 
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discovered  by  the  Pennsylvania  survey  that  indicate  the  Tren- 
ton horizon.  I  think  it  is  only  a  matter  of  detailed  search  and 
patience  to  discover  localities  of  fossils,  both  in  quartzites  and 
limestones  throughout  this  belt,  from  vrhere  it  enters  the  state 
from  Maryland  and  crosses  the  Delaware  into  New  Jersey. 

If  we  follow  on  the  line  of  the  strike  of  the  limestones 
across  the  Delaware  into  New  Jersey,  the  same  type  of  section 
is  found  to  extend  northeasterly  across  the  state  and  into  Orange 
county,  N.  Y.  At  Hardistonville,  Sussex  county,  New  Jersey, 
Dr.  Beecher  discovered  the  Olenellus  fauna  in  the  blue  lime- 
stones resting  on  the  basal  quartzite.*  The  fossils  are  found 
on  the  southeastern  side  of  the  limestone  belt ;  and  on  the 
northwestern  side  the  limestones  dip  beneath  the  shales  as  in 
the  Pennsylvania  section.  In  the  geological  report  of  New 
Jersey  for  1868,  pp.  131,  132,  numerous  localities  of  the  fos- 
siliferous  Trenton  limestone  are  described,  and  a  section  given 
showing  the  limestone  passing  beneath  the  shales  to  the  west- 
ward. 

The  discovery  of  the  Olenellus  or  lower  Cambrian  fauna  in 
the  Heading  sandstone  practically  completes  the  correlation  of 
the  South  mountain,  Chickis  and  Heading  quartzites  of  Penn- 
sylvania and  establishes  the  correctness  of  the  early  correla- 
tions of  McClure,  Eaton,  Emmons,  and  Rogers.  They  all  con- 
sidered the  basal  quartzite  as  the  same  formation  from  Vermont 
to  Tennessee ;  and  the  discoveries  of  recent  years  have  proven 
that  the  basal  sandstone  of  Alabama,  Tennessee,  and  Virginia 
(Chilhowee  quartzite) ;  Maryland,  Pennsylvania  and  New 
Jersey  (the  Reading  quartzite) ;  New  York  and  Vermont  (Ben- 
nington quartzite);  were  all  deposited  in  lower  Cambrian  time, 
and  that  they  contain  the  characteristic  Olenellus  fauna  through- 
out their  geographic  distribution.  The  superjacent  limestones 
carry  the  Olenellus  fauna  in  their  lower  portions,  in  northern 
and  southern  Vermont,  eastern  New  York,  New  Jersey  and 
Pennsylvania.  To  the  south  of  Pennsylvania  the  lower  por- 
tions of  the  limestones  appear  to  be  represented  by  shales,  and 
the  upper  and  middle  Cambrian  faunas  are  found  in  the  lower 
half  of  the  Knox  dolomite  series  of  Tennessee,  and  they  will 
probably  be  discovered  in  the  same  series  in  Virginia  and 
Maryland,  when  a  thorough  search  is  made  for  them.  The 
same  may  be  predicted,  but  with  less  assurance,  for  the  North- 
ern belt  of  limestone  crossing  Pennsylvania  and  into  New 
Jersey,  as  the  limestones  between  the  Olenellus  zone  and  the 
Trenton  zone  represent  the  intervals  of  the  middle  and  upper 
Cambrian  and  the  lower  Ordovician,  or  the  Calciferous  and 
Chazy  zones,  of  the  New  York  section.     The  working  out  of 

*Geol.  Surv.  New  Jersey;   Ann.  Rep.  State  Geologist,  1890,  pp.  31,  43,  49. 
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the  details  of  this  section  in  southeastern  Pennsylvania  is  an 
interesting  problem,  left  for  solution  to  some  geologist  who  has 
the  necessary  paleontologic  training  and  who  will  not  be  dis- 
couraged by  tne  prospect  of  a  good  deal  of  hard  work  before 
the  desired  result  can  be  obtained. 

The  problem  of  where  to  draw  the  line  in  this  series  of  lime- 
stones, on  a  geological  map,  between  the  Cambrian  and  Ordo- 
vician,  is  one  that  will  seriously  embarrass  the  geologist,  but  I 
anticipate  that  either  lithologic  or  paleontologic  characters  will 
be  discovered  by  which  the  two  groups  can  be  differentiated. 
If  not,  the  limestones  must  be  colored  as  one  lithologic  unit  or 
formation  and  the  ajpproximate  line  of  demarkation  between 
the  Cambrian  and  Ordovician  indicated  in  the  columnar  sec- 
tion accompanying  the  legend  of  the  map. 


Art.  V.  —  The  Internal  Work  of  the  Wind;*   by 
S.  P.  Langley.     (With  Plates  I-V). 

Part*  I. — Introductory, 

It  has  long  been  observed  that  certain  species  of  birds  main- 
tain themselves  indefinitely  in  the  air  by  '*  soaring,"  without 
any  flapping  of  the  wing,  or  any  motion  other  than  a  slight 
rocking  of  the  body ;  and  this,  although  the  body  in  question 
is  many  hundred  times  denser  than  the  air  in  which  it  seems 
to  float  with  an  undulating  movement,  as  on  the  waves  of  an 
invisible  stream. 

No  satisfactory  mechanical  explanation  of  this  anomaly  has 
been  given,  and  none  would  be  offered  in  this  connection  by 
the  writer,  were  he  not  satisfied  that  it  involves  much  more 
than  an  ornithological  problem,  and  that  it  points  ta  novel 
conclusions  of  mechanical  and  utilitarian  importance.  They 
are  paradoxical  at  first  sight,  since  they  imply  that  under  cer- 
tain specified  conditions,  very  heavy  bodies  entirely  detached 
from  the  earth,  immersed  in,  and  free  to  move  in,  the  air,  can 
be  sustained  there  indefinitely,  without  any  expenditure  of 
energy  from  within. 

These  bodies  may  be  entirely  of  mechanical  construction,  as 
will  be  seen  later,  but  for  the  present  we  will  continue  to  con- 
sider the  character  of  the  invisible  support  of  the  soaring 
bird,  and    to   study  its  motions,  though  only  as  a  pregnant 

♦  A  paper  read  (by  title  only)  to  the  National  Academy  of  Sciences,  in  April, 
1893,  and  subsequentlj  (in  full)  at  the  Aeronautical  Congress,  at  Chicago,  in 
August,  1893. 
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ioBtance  offered  by  nature  to  show  that  a  rational  solution  of 
the  mechanical  problem  is  possible. 

Recnrring,  then,  to  the  illostration  jost  referred  to,  we  may 
observe  that  the  flow  of  an  ordinary  river  wonld  afford  no 
explanation  of  the  fact  that  nearly  inert  creatores,  while  free 
to  move,  although  greatly  denser  than  the  flnid,  yet  float  upon 
it :  which  is  what  we  actoally  behold  in  the  serial  stream,  since 
the  writer,  like  others,  has  satisfied  himself  by  repeated  obser- 
vation, that  the  soaring  vultures  and  other  birds,  appear  as  if 
sustained  by  some  invisible  support,  in  the  stream  of  air,  some- 
times for  at  least  a  considerable  fraction  of  an  hour.  It  is 
frequently  suggested  by  those  who  know  these  facts  only  from 
books,  that  there  must  be  some  quivering  of  the  wings,  so 
rapid  as  to  escape  observation.  Those  who  do  know  them  from 
observation,  are  aware  that  it  is  absolutely  certain  that  nothing 
of  the  kind  takes  place,  and  that  the  birds  sustain  themselves 
on  pinions  which  are  quite  rigid  and  motionless,  except  for  a 
rocking  or  balancing  movement  involving  little  energy. 

The  writer  desires  to  acknowledsre  his  indebtedness  to  that 
most  conscientious  observer,  M.  Mouillard,*  who  has  described 
these  actions  of  the  soaring-birds  with  incomparable  viyidness 
and  minuteness,  and  who  asserts  that  thev  under  certain  cir- 
cumstances,  without  flapping  their  wings,  rise  and  actually 
advance  against  the  wind. 

To  the  writer,  who  has  himself  been  attracted  from  his 
earliest  years  to  the  mystery  which  has  surrounded  this  action 
of  the  soaring  bird,  it  has  been  a  subject  of  continual  surprise 
that  it  has  attracted  so  little  attention  from  physicists.  That 
nearly  inert  bodies,  weighing  from  5  to  10,  and  even  more, 
pounds,  and  many  hundred  times  denser  than  the  air,  should 
l>e  visibly  suspended  in  it  above  our  heads,  sometimes  for 
hours  at  a  time,  and  without  falling, — this,  it  might  seem,  is, 
without  misuse  of  language,  to  be  called  a  physical  miracle ; 
and  yet  the  fact  that  those  whose  province  it  is  to  investigate 
nature,  have  hitherto  seldom  thought  it  deserving  attention,  is 
•p<jrhaf>s  the  greater  wonder. 

This  indifference  may  be  in  some  measure  explained  by  the 
fa^rt  that  the  largest  and  best  soarers  are  of  the  vulture  kind, 
and  that  their  most  striking  evolutions  are  not  to  be  seen  in 
thos<;  regions  of  the  Northern  Temperate  Zone  where  the 
majority  of  those  whose  training  fits  them  to  study  the  sub- 
ject, are  found.  Even  in  Washington,  however,  where  the 
writer  at  present  resides,  scores  of  great  birds  may  be  seen  at 
times  in  the  air  together,  gliding  with  and  against  the  wind, 
and  aM;ending  higher  at  i^leasure,  on  nearly  motionless  wings. 
"  'i'h'>se  who  have  not  seen  it,"  says  M.  Mouillard,  "  when  they 

•  I.  V.  Mouillard,  "  L'Knipire  do  I'Air,"  Paris.     G.  Masaoo. 
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are  told  of  this  ascension  without  the  expenditure  of  energy, 
are  always  ready  to  say,  '  but  there  must  have  been  rnove- 
nients,  though  you  did  not  see  them  ;' "  "  and  in  fact,"  he  adds, 
'^  the  casual  witness  of  a  single  instance,  himself,  on  reflection, 
feels  almost  a  doubt  as  to  the  evidence  of  his  senses,  when 
they  testify  to  things  so  extraordinary." 

Quite  agreeing  with  this,  the  writer  will  not  attempt  any 
general  description  of  his  own  observations,  but  as  an  illustra- 
tion of  what  can  sometimes  be  seen,  will  give  a  single  one,  to 
whose  exactness  he  can  personally  witness.  The  common 
'^  Turkey  Buzzard"  {Cathartes  aura),  is  so  plenty  around  the 
environs  of  Washington  that  there  is  rarely  a  time  when  some 
of  them  may  not  be  seen  in  the  sky,  gliding  in  curves  over 
some  attractive  point,  or,  more  rarely,  moving  in  nearly 
straight  lines  on  rigid  wings,  if  there  be  a  moderate  wind.  On 
the  only  occasion  when  the  motion  of  one  near  at  hand  could 
be  studied  in  a  very  high  wind,  the  author  was  crossing  the 
long  "  Aqueduct  Bridge  "  over  the  Potomac,  in  an  unusually 
violent  November  gale,  the  velocity  of  the  wind  being  prob- 
ably over  35  miles  an  hour.  About  one-third  of  the  distance 
from  the  right  bank  of  the  river,  and  immediately  over  the 
right  parapet  of  the  bridge,  at  a  height  of  not  over  20  yards, 
was  one  of  these  buzzards,  which,  for  some  object  which  was 
not  evident,  chose  to  keep  over  this  spot,  where  the  gale,  un- 
disturbed by  any  surface  irregularities,  swept  directly  up  the 
river  with  unchecked  violence.  In  this  serial  torre.nt,  and 
apparently  indifferent  to  it,  the  bird  hung,  gliding  in  the  usual 
manner  of  its  species,  round  and  round,  in  a  small  oval  curve, 
whose  major  axis  (which  seemed  toward  the  wind),  was  not 
longer  than  twice  its  height  from  the  water.  The  bird  was 
therefore  at  all  times  in  close  view.  It  swung  around  repeat- 
edly, rising  and  falling  slightly  in  its  course,  while  keeping,  as 
a  whole,  on  one  level,  and  over  the  same  place,  moving  with  a 
slight  swaying,  both  in  front  and  lateral  direction,  but  in  such 
an  effortless  way  as  suggested  a  lazy  yielding  of  itself  to  the 
rocking  of  some  invisible  wave. 

It  may  be  asserted  that  there  was  not  only  no  flap  of  the 
wing,  but  not  the  quiver  of  a  wing  feather  visible  to  the 
closest  scrutiny,  during  the  considerable  time  the  bird  was 
under  observation,  and  during  which  the  gale  continued.  A 
record  of  this  time  was  not  kept,  but  it  at  any  rate  lasted  until 
the  writer,  chilled  by  the  cold  blast,  gave  up  watching  and 
moved  away,  leaving  the  bird  still  floating  about,  at  the  same 
height  in  the  torrent  of  air,  in  nearly  the  same  circle,  and  with 
the  same  aspect  of  indolent  repose. 

If  the  wmd  is  such  a  body  as  it  is  commonly  supposed  to 
be^  it  is  absolutely  impossible  that  this  sustention  could  have 
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taken  place  in  a  horizontal  carrent  any  more  than  in  a  calm, 
and  yet  that  the  abilitj  to  soar  is,  in  some  way,  connected  with 
the  presence  of  the  wind,  became  to  the  writer,  as  certain  as 
any  fact  of  observation  could  be,  and  at  first  the  difficulty  of 
reconciling  such  facts  (to  him  undoubted)  with  accepted  laws 
of  motion,  seemed  quite  insuperable. 

Light  came  to  him  through  one  of  those  accidents  which 
are  commonly  found  to  occur  when  the  mind  is  intent  on  a 
particular  subject,  and  looking  everywhere  for  a  clue  to  its 
solution. 

In  1 887,  while  engaged  with  the  "  whirling-table "  in  the 
open  air  at  the  Allegheny  Observatory,  he  had  chosen  a  quiet 
afternoon  for  certain  experiments,  but  in  the  absence  oi  the 
entire  calm  which  is  almost  never  realized,  had  placed  one  of 
the  very  small  and  light  anemometers  made  for  hospital  use, 
in  the  open  air,  with  the  object  of  determining  and  allowing 
for  the  velocity  of  what  feeble  breeze  existed.  His  attention 
was  called  to  the  extreme  irregularity  of  this  register,  and  he 
assumed  at  first  that  the  day  was  more  unfavorable  than  he 
had  supposed.  Subsequent  observations,  however,  showed 
that  wnen  the  anemometer  was  sufficiently  light  and  devoid 
of  inertia,  the  register  always  showed  great  irregularity,  espe- 
cially when  its  movements  were  noted,  not  from  minute  to 
minute,  but  from  second  to  second. 

His  attention  once  aroused  to  these  anomalies^  he  was  led  to 
reflect  upon  their  extraordinary  importance  in  a  possible 
mechanical  application.  He  then  designed  certain  special 
apparatus  hereafter  described,  and  made  observations  with  it 
which  showed  that  "  wind  "  in  general,  was  not  what  it  is 
commonly  assumed  to  be,  that  is, — air  put  in  motion  with  an 
approximately  uniform  velocity  in  the  same  strata;  but  that 
considered  in  the  narrowest  practicable  sections,  wind  was 
always  not  only  not  approximately  uniform,  but  variable  and 
irregular  in  its  movements  beyond  anything  which  had  been 
anticipated,  so  that  it  seemed  probable  that  the  very  smallest 
part  observable,  could  not  be  treated  as  approximately  homo- 
geneous, but  that  even  here,  there  was  an  mternal  motion  to 
be  considered,  distinct  both  from  that  of  the  whole  body, 
and  from  its  immediate  surroundings.  It  seemed  to  the  writer 
to  follow  as  a  necessary  consequence,  that  there  might  be  a 
potentiality  of  what  may  be  called  "  internal  work  "^  in  the 
wind. 

*  Rinoo  tho  term  "  internal  work  "  is  often  used  in  thermo-dynamics  to  sigpiify 
molecular  action,  it  may  be  well  to  observe  that  it  here  refers  not  to  molecular 
movements,  but  to  pulsations  of  sensible  magnitude,  always  existing  in  the  wind, 
an  will  bo  shown  lator,  and  whose  extent  and  extraordinary  possible  mechanical 
importance  it  is  the  object  of  this  research  to  illustrate.  The  term  is  so  signifi- 
cant  of  tho  author's  moaning,  that  he  permits  himself  the  use  of  it  here,  in  spite 
of  tlie  possible  umbiguity. 
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On  further  study,  it  seemed  to  him  that  this  internal  work 
might  conceivably  be  so  utilized  as  to  furnish  a  power  which 
should  not  only  keep  an  inert  body  from  falling,  but  cause  it  to 
rise,  and  that  while  this  power  was  the  probable  cause  of  the 
action  of  the  soaring  bird,  it  might  be  possible  through  its  means 
to  cause  any  suitably  disposed  body,  animate  or  inanimate,  wholly 
immersed  in  the  wind,  and  wholly  free  to  move,  to  advance 
against  the  direction  of  the  wind  itself.  By  this  it  is  not 
meant  that  the  writer  then  devised  means  for  doing  this,  but 
that  he  then  attained  the  conviction  both  that  such  an  action 
involved  no  contradiction  of  the  laws  of  motion,  and  that  it 
was  mechanically  possible  (however  diflScult  it  might  be  to 
to  realize  the  exact  mechanism,  by  which  this  might  be 
accomplished). 

It  will  be  observed  that  in  what  has  preceded,  it  is  intimated 
that  the  diflSculties  in  the  way  of  regarding  this  even  in  the 
light  of  a  theoretical  possibility,  may  have  proceeded,  with 
others  as  with  the  writer,  not  from  erroneous  reasoning,  but 
from  an  error,  in  the  premises,  entering  insidiously  in  the 
form  of  the  tacit  assumption  made  by  nearly  all  writers,  that 
the  word  "  wind"  means  something  so  simple,  so  readily  intel- 
ligible, and  so  commonly  understood,  as  to  require  no  special 
definition ;  while,  nevertheless,  the  observations  which  are 
presently  to  be  given,  show  that  it  is,  on  the  contrary,  to  be 
considered  as  a  generic  name  for  a  series  of  infinitely  complex 
and  little  known  phenomena. 

Without  determining  here  whether  any  mechanism  can  be 
actually  devised  which  shall  draw  from  the  wind  the  power 
to  cause  a  body  wholly  immersed  in  it  to  go  against  the  wind, 
the  reader's  consideration  is  now  first  invited  to  the  evidence 
that  there  is  no  contradiction  to  the  known  laws  of  motion, 
and  at  any  rate  no  theoretical  impossibility  in  the  conception 
of  such  a  mechanism,  if  it  is  admitted  that  the  wind  is  not 
what  it  has  been  ordinarily  taken  to  be,  but  what  the  following 
observations  show  that  it  is. 

What  immediately  follows  is  an  account  of  evidence  of  the 
complex  nature  of  the  "  wind,"  of  its  internal  movements,  of 
the  resulting  potentiality  of  this  internal  work,  and  of  attempts 
which  the  writer  has  made  to  determine  quantitatively  its 
amount  by  the  use  of  special  apparatus,  recording  the  changes 
which  go  on  (so  to  speak)  within  the  wind  in  very  brief 
intervals.  These  results  may,  it  is  hoped,  be  of  interest  to 
meteorologists,  but  they  are  given  here  with  special  reference 
to  their  important  bearing  on  the  future  of  what  the  writer 
has  ventured  to  call  the  science  of  Aerodromics.* 

•From  depoSpOfjieOj  to  traverse  the  air ;  depodpofxog,  am  air-runDer. 
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brian  age.  We  next  proceeded  to  the  eastern  side  of  the 
county,  where  the  southern  division  of  the  limestone  passes 
into  Chester  county.  An  examination  was  made  of  the  lower 
quartzites  and  the  superjacent  limestones  at  Gap,  Limeville 
and  towards  Compassville.  A  few  Scolithus  borings  were 
noted  in  the  quartzites  northeast  of  Gap,  and  fragments  of 
Olenellus  and  specimens  of  Obolella  were  found  in  sandy 
layers  embedded  in  a  shale  one  mile  N.NE.  of  Gap.  The 
section  from  the  top  downward,  from  a  point  a  little  east  of 
Gap  northwest,  is : — 

5.  Massive-bedded,  light-colored  limeslone  with  partinj^s  and 

small,  interbedded,  flattened  nodules  of  mica  schist. 
4.  Narrow  belt  of  hydroraica  schist,  with  thin  layers  of  hard 

calcareous  sandstone  containing  Obolella  and  fragments 

oi  Olenellus. 
3.*  Massive  bods  of  bluish-black  and  nearly  white  limestone, 

extensively  quarried  at  Limeville. 
2.   Narrow  belt  of  shale  altered  to  a  hydro  mica  schist. 
1.  Quartzite,  in  the  hill  northeast  of  Gap. 

We  next  visited  the  extensive  quarries  at  Bellemont,  on  the 
main  line  of  the  Pennsylvania  railroad,  four  miles  west  of  Gap. 
In  the  quarries  the  conglomerate  limestone,  so  characteristic  of 
the  Cambrian  at  Stoner's  station  in  York  county,  are  beauti- 
fully exposed,  and  numerous  photographs  were  taken  of  the 
conglomerate  beds,  showing  their  positions  between  the  evenly- 
bedded  limestones.  The  limestones  and  conglomerates  belong 
to  (3)  of  the  Gap  section,  and  are  overlain  by  a  belt  of  shale  in 
which  massive  beds  of  a  line,  limestone  conglomerate  occur. 
No  time  was  given  to  searching  for  fossils. 

The  discovery  of  the  Olenellus  fauna  in  the  limestone  in  the 
eastern  portion  of  Lancaster  county,  north  of  Gap,  taken  in 
connection  with  the  eastern  section  in  York  county,  compels 
the  reference  of  the  so-called  Potsdam  rocks  of  Chester  county 
with  their  superjacent  limestones  to  the  Cambrian.  As 
mentioned  in  the  previous  paper,  it  is  quite  probable  that  the 
limestones  towards  the  Triassic  area,  in  the  northern  portion 
of  Lancaster  county,  may  be  of  Ordovician  age,  but  this  can 
only  be  proven  by  the  discovery  of  the  fauna. 

Northern  belt  of  Limestone, — As  shown  by  the  geological 
map  of  Pennsylvania  (1884),  the  northern  belt  of  limestone 
enters  the  State  in  Franklin  county  and  then  turns  to  the 
northeast  in  Cumberland  county,  crosses  the  Susquehanna  at 
Harrisburg  and  extends  on  eastward  across  Dauphin,  Lebanon, 
Berks,  Lehigh  and  Northampton  counties,  to  the  Delaware 
river.  The  Olenellus  fauna  was  found  in  the  quartzites  of 
South  mountain  in  Adams  county,  as  well  as  in  the  lower  ppr- 
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tions  of  the  limestone  in  Franklin  county.*  From  this  and 
the  fact  that  the  lower  portions  of  these  limestones  and  the 
superjacent  quartzites  or  sandstones  were  known  to  be  of  lower 
Cambrian  age  in  their  extension  into  New  Jersey,  I  began  the 
examination  of  them  in  the  vicinity  of  Reading,  where  their 
relations  to  the  Reading  sandstone  are  well  defined.  The 
/Scolithua  linearis  occurs  abundantly  in  the  quartzites  of  Penn 
mountain,  east  of  Reading,  and  on  the  south  side  of  Neversink 
mountain  across  the  Schuylkill.  In  the  upper  layers  of  the 
sandstone  or  quartzite  I  obtained  IlyolitheUus  micans  and 
fragments  of  a  species  of  Olenellus.  This  locality  is  about  one- 
hali  mile  above  Klappenthal  station,  on  the  Philadelphia  & 
Reading  railroad,  and  the  terminal  station  of  the  electric  road 
running  out  of  Reading  over  the  Keversink  mountain.  West 
of  the  first  railroad  cut  above  the  station  thinner  beds  of  quartz- 
ite are  met  with,  between  the  cut  and  the  stone-crusher  that 
carry  fossils.  The  quartzites  are  more  or  less  contorted  and 
folded,  but  their  stratigraphic  relations  to  the  main  quartzites 
of  the  mountain  and  to  the  adjoining  limestones  are  readily 
determined.     No  fossils  were  observed  in  the  limestones. 

The  sections  in  the  vicinity  of  Allentown  and  Bethlehem  were 
examined  and  found  to  be  essentially  the  same  as  at  Reading, 
the  quartzites  passing  beneath  the  limestone.  In  the  quarries 
at  Catasauqua,  four  miles  north  of  Allentown,  I  noted  the  oc- 
currence of  a  large  Pleurotomaria,  of  the  type  of  Pleuroto- 
maria  canadensis^  of  the  Calciferous  horizon  in  Kew  York 
and  Canada.  In  the  report  of  the  Second  Pennsylvania  Geo- 
logical Survey  of  Lehigh  and  Northampton  counties  the  locali- 
ties of  fossils  are  all  on  the  northern  side  of  the  outcrop  of 
limestone,  in  the  strata  that  dip  to  the  northward  beneath  the 
superjacent  shales.  The  Trenton  horizon  is  represented  in  the 
limestone  immediately  beneath  the  shales  (called  "  Hudson  "), 
and  lower  down,  in  massive  limestone,  species  of  Maclurea  or 
Euomphalus  have  been  found  that  indicate  the  Chazy  horizon. 
This  distribution  of  faunas  is  the  same  as  in  Franklin  county, 
where  the  lower  Cambrian  fauna  occurs  at  the  base  of  the 
limestone  near  the  quartzites,  and  the  Trenton  fauna  at  the 
summit,  near  the  base  of  the  superjacent  shales. 

The  limestones  were  examined  in  the  vicinity  of  Easton, 
along  Bushkill  creek  and  the  shores  of  the  Delaware  river. 
No  fossils  were  found  with  the  exception  of  a  species  of  Cryp- 
tozoan  :  but  from  the  similarity  of  the  limestone  to  that  of  the 
lower  portion  of  the  series  near  Allentown,  Reading  and  in 
Lancaster  country,  it  is  quite  probable  that  they  represent  the 
lower  or  Cambrian  portion  of  the  section.  Five  or  six  miles 
north  of  Easton,   in   the   vicinity  of  Churchville,  fossils  were 

*  Loc.  cit.,  p.  478. 
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This  power.  I  further  already  believed  myself  warranted  by 
these  experiments  in  saying,  could  be  obtained  by  the  move- 
ments of  the  air  in  the  horizontal  plane  alone,  even  without 
the  utilization  of  currents  having  an  upward  trend.  But  I 
was  obliged  to  turn  to  other  occupations,  and  did  not  resume 
these  interesting  observations  until  the  year  1893. 

Although  the  anemometer  used  at  Allegheny  served  to  illus- 
trate the  essential  fact  of  the  rapid  and  continuous  fluctuations 
of  even  the  ordinary  and  comparatively  uniform  wind,  yet  ow- 
ing to  the  inertia  of  the  arms  and  cups,  which  tended  to  equalize 
the  rate  (the  moment  of  inertia  was  approximately  40,000 
gr  cm')  and  to  the  fact  that  the  record  was  only  made  at  every 
twenty-lifth  revolution,  the  internal  changes  in  the  horizontal 
component  of  the  wind's  motion,  thus  representing  its  poten- 
tial work,  were  not  adequately  recorded. 

In  January,  1893,  I  resumed  these  observations  at  Washing- 
ton with  apparatus  with  which  I  sought  to  remedy  these 
defects,  using  as  a  station  the  roof  of  the  north  tower  of  the 
Smithsonian  Institution  building,  the  top  of  the  parapet  being 
142  feet  (43*3  meters)  above  the  ground,  and  the  anemometers, 
which  were  located  above  the  parapet  being  153  feet  (46*7 
meters)  above  the  ground.  I  placed  them  in  charge  of  Mr. 
George  E.  Curtis,  with  instructions  to  take  observations  under 
the  conditions  of  light,  moderate  and  high  winds.  The  appa- 
ratus used  was,  first,  a  Weather  Bureau  Kobinson  anemometer 
of  standard  size,  with  aluminum  cups.  Diameter  to  center  of 
cups  34*^°* ;  diameter  of  cups  lO'lO^"" ;  weight  of  arms  and  cups 
241  grams  ;  approximate  moment  of  inertia  40,710  gr.  cm'. 

A  second  instrument  was  a  very  light  anemometer,  havine 
paper  cups,  of  standard  pattern  and  diameter,  the  weight  oi 
arms  and  cups  being  only  74  grams,  and  its  moment  of  inertia 
8,604  gr.  cm'. 

With  this  instrument,  a  number  of  observations  were  taken, 
when  it  was  lost  by  being  blown  away  in  a  gale.  It  was  suc- 
ceeded in  its  use  by  one  of  my  own  construction,  which  was 
considerably  lighter.  This  was  also  blown  away.  I  afterward 
empl(»yed  one  of  the  same  size  as  the  standard  pattern,  weigh- 
ing 48  grams,  having  a  moment  of  inertia  of  11,940  gr.  cm', 
and  finally,  I  constructed  one  of  one-half  the  diameter  of  the 
standard  pattern,  employing  cones  instead  of  hemispheres, 
weighing  5  grams,  and  having  a  moment  of  inertia  of  but 
300  gr.  cm^ 

In  the  especially  light  instruments,  the  electric  record  was 
made  at  every  half  revolution,  on  an  ordinary  astronomical 
chronograph,  placed  upon  the  floor  of  the  tower,  connected 
with  the  anemometer  by  an  electric  circuit.      Observations 
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were  made  on  Jan.  14,  1893,  during  a  light  wind  having  a 
velocity  of  from  9  to  17  miles  an  hour;  on  January  25  and 
26  during  a  moderate  wind,  having  a  velocity  of  from  16  to 
28  miles  an  hour ;  and  on  February  4  and  7,  during  a  mode- 
rate and  high  wind  ranging  from  14  to  36  miles  an  hour. 
Portions  of  these  observations  are  given  on  Plates  II,  III  and 
IV.  A  short  portion  of  the  record  obtained  with  the  stan- 
dard Weather  Bureau  anemometer  during  a  high  northwest 
wind  is  given  on  Plate  V. 

A  prominent  feature  presented  by  these  diagrams  is  that  the 
higher  the  absolute  velocity  of  the  wind,  the  greater  the  rela- 
tive fluctuations  which  occur  in  it.  In  a  high  wind  the  air 
moves  in  a  tumultuous  mass,  the  velocity  being  at  one  moment 
perhaps  40  miles  an  hour,  then  diminishing  to  an  almost 
instantaneous  calm,  and  then  resuming.* 

The  fact  that  an  absolute  local  calm  can  momentarily  occur 
during  the  prevalence  of  a  high  wind,  was  vividly  impressed 
upon  me  during  the  observations  of  February  4,  when  chanc- 
ing to  look  up  to  the  light  anemometer,  which  was  revolving 
so  rapidly  that  the  cups  were  not  separately  distinguishable,  I 
saw  them  completely  stop  for  an  instant,  and  then  resume 
their  previous  high  speed  of  rotation,  the  whole  within  the 
fraction  of  a  second.  This  confirmed  the  suspicion  that  the 
chronographic  record,  even  of  a  specially  light  anemometer, 
but  at  most  imperfectly  notes  the  sharpness  of  these  internal 
changes.  Since  the  measured  interval  between  two  electric 
contacts  is  the  datum  for  computing  the  velocity,  an  instan- 
taneous stoppage,  such  as  I  accidentally  saw,  will  appear  on 
the  record  simply  as  a  slow^ing  of  the  wind,  and  such  very  sig- 
nificant facts  as  that  just  noted,  will  be  necessarily  slurred 
over,  even  by  the  most  sensitive  apparatus  of  this  kind. 

However,  the  more  frequent  the  contacts,  the  more  nearly 
an  exact  record  of  the  fluctuations  may  be  measured,  and  I 
have,  as  I  have  stated,  provided  that  they  should  be  made  at 
every  half  revolution  of  the  anemometer,  that  is,  as  a  rule, 
several  times  a  second.f 

♦  An  example  of  a  very  rapid  change  may  be  seen  on  Plate  IV,  at  12.23  p.  if. 

t  Here  wo  may  note  the  error  of  the  common  assumption  that  the  ordinary 
anemometer,  however  heavy,  will,  if  frictionless.  correctly  measure  the  velocity 
of  the  wind,  for  the  existence  of  •'  vis  inertias  "  it  is  now  seen,  is  not  indifierent, 
but  plays  a  most  important  part  where  the  velocity  suffers  such  great  and  fre- 
quent changes  as  we  here  see  it  does,  and  where  the  rate  at  which  this  inertia  is 
overcome,  and  this  velocity  changed,  is  plainly  a  function  of  the  density  of  the 
fluid,  which  density  we  also  see  reason  to  suppose,  itself  varies  incessantly,  and 
with  great  rapidity.  Though  it  is  probable  that  no  form  of  barometer  in  use  does 
justice  to  the  degree  of  change  of  this  density,  owing  to  this  rapidity,  we  cannot 
nevertheless,  suppose  it  to  exceed  certain  limits,  and  we  may  treat  the  present 
records,  made  with  an  anemometer  of  such  exceptional  lightness,  as  being  com- 
paratively unaffected  by  these  changes  in  density,  though  they  exist. 
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I  now  invite  the  reader's  attention  to  the  aetaal  records  of 
rapid  changes  that  take  place  in  the  wind's  velocity,  selecting 
as  an  illustration,  the  first  5^  minutes  of  the  diagram  plotted 
on  Plate  III. 

The  heavy  line  through  points  A,  B,  and  C,  represents  the 
ordinary  record  of  the  wind's  velocity  as  obtained  from  a 
standard  Weather  Bureau  anemometer  during  the  observations 
recording  the  passage  of  two  miles  of  wind.  The  velocity, 
which  was  at  the  beginning  of  the  interval  considered,  nearly 
23  miles  an  hour,  fell  during  the  course  of  the  first  mile  to  a 
little  over  20  miles  an  hour.  This  is  the  ordinary  anemometric 
record  of  the  wind  at  such  elevations  as  this  (47  meters)  above 
the  earth's  surface,  where  it  is  free  from  the  immediate 
vicinity  of  disturbing  irregularities,  and  where  it  is  popularly 
supposed  to  move  with  occasional  variation  in  direction,  as  the 
weather-cock  indeed  indicates,  but  with  such  nearly  uniform 
movement  that  its  rate  of  advance  is,  during  any  such  brief 
time  as  two  or  three  minutes,  under  ordinary  circumstances, 
approximately  uniform.  This  then  may  be  called  the  **  wind," 
that  is,  the  conventional  "wind"  of  treatises  upon  aerody- 
namics, where  its  aspect  as  a  practically  continuous  flow,  is 
alone  considered.  When,  however,  we  turn  to  the  record 
made  with  the  specially  light  anemometer,  at  every  second,  of 
this  same  wind,  we  find  an  entirely  different  state  of  things. 
The  wind,  starting  with  the  velocity  of  23  miles  an  hour,  at 
12^"  lO"^^*  18»«^»  rose  within  10  seconds  to  a  velocity  of  33 
miles  an  hour,  and  within  10  seconds  more  fell  to  its  initial 
speed.  It  then  arose  within  30  seconds  to  a  velocity  of  36  miles 
an  hour,  and  so  on,  with  alternate  risings  and  fallings,  at  one 
time  actually  stopping ;  and,  as  the  reader  may  easily  observe, 
passing  through  18  notable  maxima  and  as  many  notable 
minima,  the  average  interval  from  a  maximum  to  a  minimnni 
being  a  little  over  10  seconds,  and  the  average  change  of  velo 
city  in  this  time  being  about  10  miles  an  hour.  In  the  lower 
left  hand  corner  of  Plate  III,  is  given  a  conventional  repre- 
sentation of  these  fluctuations  in  which  this  average  period  and 
amplitude  is  used  as  a  type.  The  above  are  facts,  the  counter- 
part of  which  may  be  noted  by  any  one  adopting  the  means 
the  writer  has  employed.  It  is  hardly  necessary  to  observe, 
that  almost  innumerable  minor  maxima  and  minima  presented 
themselves,  which  the  drawing  cannot  depict. 

In  order  to  insure  clearness  of  perception,  the  reader  will 
bear  in  mind  the  diagram  does  not  represent  the  velocities 
which  obtained  coincidently,  along  the  length  of  two  miles  of 
wind  represented,  nor  the  changes  in  velocity  experienced  by 
a  single  moving  particle  during  the  interval,  but  that  it  is  a 
picture  of  the  velocities  which  were  in  this  wind  at  the  succes- 
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sive  instants  of  its  passing  the  fixed  anemometer,  which  velo- 
cities, indeed,  were  probably  nearly  the  same  for  a  few  seconds 
before  and  after  registry,  but  which  incessantly  passed  into — and 
were  replaced  by — others,  in  a  continuous  flow  of  change.  But 
although  the  observations  do  not  show  the  actual  changes  of 
velocity  which  any  given  particle  experiences  in  any  assigned 
interval,  these  fluctuations  cannot  be  materially  different  in 
character  from  those  which  are  observed  at  a  fixed  point,  and 
are  shown  in  the  diagram.  It  may  perhaps  still  further  aid  us 
in  flxing  our  ideas,  to  consider  two  material  particles  as  start- 
ing at  the  same  time  over  this  two  mile  course  ;  the  one  mov- 
ing with  the  uniform  velocity  of  22  6  miles  an  hour  (33  feet 
per  second),  which  is  the  average  velocity  of  the  wind  as 
observed  for  the  interval  between  12^"  10"'^"  18"^"— and  12^" 
15™*"  4.58ec8  Qjj  February  4 ;  the  other,  daring  the  same  inter- 
val, having  the  continuously  changing  velocities  actually 
indicated  by  the  light  anemometer  as  shown  on  Plate  III. 
Their  positions  at  any  time  may,  if  desired,  be  conveniently 
represented  in  a  diagram  where  the  abscissa  of  any  point 
'  represents  the  elapsed  time  in  seconds,  and  the  ordinates  show 
the  distance  in  feet,  of  the  material  particle  from  the  starting 
point.  The  path  of  the  first  particle  will  thus  be  represented 
by  a  straight  line,  while  the  path  of  the  second  particle  will  be 
an  irregularly  curved  line,  at  one  time  above,  and  at  another 
time  below  the  mean  straight  line  just  described,  but  terminat- 
ing in  coincidence  with  it  at  the  end  of  the  interval.  If,  now, 
all  the  particles  in  two  miles  of  wind  were  simultaneously 
accelerated  and  retarded  in  the  same  way  as  this  second  parti- 
cle, that  is,  if  the  wind  were  an  inelastic  fluid,  and  moved  like 
a  solid  cylinder,  the  velocities  recorded  by  the  anemometer 
would  be  identical  with  those  that  obtained  along  the  whole 
region  specified.  But  the  actual  circumstance  must  evidently 
be  far  different  from  this,  since  the  air  is  an  elastic,  and  nearly 
perfect  fluid,  subject  to  condensation  and  rarefaction.  Hence 
the  successive  velocities  of  any  given  particle  (which  are  in 
reality  the  resultant  of  incessant  changes  in  all  directions), 
must  be  conceived  as  evanescent,  taking  on  something  like  the 
sequence  recorded  by  these  curves,  a  very  brief  time  before 
this  air  reached  the  anemometer,  and  losing  it  as  soon  after. 

It  has  not  been  my  purpose  in  this  paper  to  enter  upon  any 
inquiry  as  to  the  cause  oi  this  non-homogeneity  of  the  wind. 
The  irregularities  of  the  surface  topography  (including  build- 
ings, and  every  other  surface  obstruction)  are  commonly 
adduced  as  a  suflScient  explanation  of  the  chief  irregularities 
of  the  surface  wind  ;  yet  I  believe  that  at  a  considerable  dis- 
tance above  the  earth's  surface  (e.  g.  one  mile),  the  wind  may 
not  even  be  approximately  homogeneous,  nor  have  an  even 
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flow  ;  for,  while  if  we  consider  air  as  an  absolutely  elastic  and 
frictionless  fluid,  any  motion  impressed  upon  it  would  be  pre- 
served forever,  and  the  actual  irregularities  of  the  wind  would 
be  the  results  of  changes  made  at  any  past  time,  however 
remote ;  so  long  as  we  admit  that  the  wind  without  being 
absolutely  elastic  and  frictionless,  is  nearly  so,  it  seems  to  me 
that  we  may  consider  that  the  incessant  alternations  which  it 
here  appears  make  the  "  wind,"  are  due  to  past  impluses  and 
changes  which  are  pres*erved  in  it,  and  which  die  away  with 
very  considerable  slowness.  If  this  be  the  case,  it  is  less  diffi- 
cult to  see  how  even  in  the  upper  air,  and  at  every  altitude,  we 
might  expect  to  find  local  variations,  or  pulsations,  not  unlike 
those  which  we  certainly  observe  at  minor  altitudes  above  the 
ground.* 

Pakt  hi. — Application, 

Of  these  irregular  movements  of  the  wind,  which  take  place 
up,  down,  and  on  every  side,  and  are  accompanied  of  neces- 
sity by  equally  complex  condensations  and  expansions,  it  will 
be  observed  that  only  a  small  portion,  namely,  those  which 
occur  in  a  narrow  current  whose  direction  is  horizontal  and 
sensibly  linear,  and  whose  width  is  only-  the  diameter  of  the 
anemometer,  can  be  noted  by  the  instruments  I  have  here 
described,  and  whose  records  alone  are  represented  in  the  dia- 
gram. However  complex  the  movement  may  appear  as  shown 
by  the  diagram,  it  is  then  far  less  so  than  the  reality,  and  it  is 
probable  indeed,  that  anything  like  a  fairly  complete  graphi- 
cal presentation  of  the  case  is  impossible. 

I  think  that  on  considering  these  striking  curves  (Plates  I,  II, 
III,  IV  and  V)  we  shall  not  find  it  difficult  to  admit,  at  least  as 
an  abstract  conception,  that  there  is  no  necessary  violation  of  the 
principle  of  the  conservation  of  energy,  implied  in  the  admis- 
sion that  a  body  wholly  immersed  in  and  moving  with  such  a 
wind,  may  derive  from  it  a  force  which  may  be  utilized  in 
lifting  the  body,  in  a  way  in  which  a  body  immersed  in  the 
'*  wind  "  of  our  ordinary  conception  could  not  be  lifted,  and  if 
we  admit  that  the  body  may  be  lifted,  it  follows  obviously 
that  it  may  descend  under  the  action  of  gravity  from  the 
elevated  position,  on  a  sloping  path,  to  some  distance  in  a 
direction  opposed  to  that  of  the  wind  which  lifted  it,  though 
it  is  not  obvious  what  this  distance  ia 

We  may  admit  all  this,  because  we  now  see  (I  repeat)  that 
the  apparent  violation  of  law  arises  from  a  tacit  assumption 
which  we  in  common  with  all  others,  may  have  made,  that  the 

*  In  this  connectioD,  reference  may  be  made  to  the  notable  inyestig^tionB  of 
Helmholtz,  on  Atmospheric  Moyements,  Sitzungsberichte^  Berlin,  1888-1889. 
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wind  is  an  approximately  homogeneously  moving  body, 
because  moving  as  a  whole  in  one  direction.  It  is,  on  the 
contrary,  always^  as  we  see  here,  filled  (even  if  we  consider 
only  movments  in  some  one  horizontal  plane),  with  amazingly 
complex  motions,  some  of  which  if  not  in  direct  opposition  to 
the  main  movement,  are  relatively  so,  that  is,  are  slower,  while 
others  are  faster  than  this  main  movement,  so  that  a  portion  is 
always  opposed  to  it. 

From  tnis,  then,  we  may  now  at  least  see  that  it  is  plainly 
within  the  capacity  of  an  intelligence  like  that  suggested  by 
Maxwell,  and  which  Lord  Kelvin  has  called  the  "Sorting 
Demon,"  to  pick  out  from  the  internal  motions,  those  whose 
direction  is  opposed  to  the  main  current,  and  to  omit  those 
which  are  not  so,  and  thus  without  the  expenditure  of  energy  to 
construct  a  force  which  will  act  against  the  main  current  itself. 

But  we  may  go  materially  further,  and  not  only  admit  that 
it  is  not  necessary  to  invoke  here,  as  Maxwell  has  done  in  the 
case  of  thermo-dynamics,  a  being  having  power  and  rapidity  of 
action  far  above  ours,  but  that  in  actual  fact,  a  being  of  a  lower 
order  than  ourselves,  guided  only  by  instinct,  may  so  utilize 
these  internal  motions. 

We  might  not  indeed  have  conceived  this  possible,  were  it 
not  that  nature  has  already,  to  a  large  extent,  exhibited  it 
before  our  eyes  in  the  soaring  bird*  which  sustains  itself  end- 
lessly in  the  air  with  nearly  motionless  wings,,  for  without  this 
evidence  of  the  possibility  of  an  action  which  now  ceases  to 
approach  the  inconceivable,  we  are  not  likely,  even  if  admit-' 
ting  its  theoretical  possibility  to  have  thought  the  mechanical 
solution  of  this  problem  possible. 

*  "  When  the  condors  in  a  flock  are  wheeling  round  and  round  any  spot,  their 
flight  is  beautiful.  Kxcept  when  rising  from  the  ground,  I  do  not  recollect  ever 
having  seen  one  of  these  birds  flap  its  wings.  Near  Lima,  I  watched  several  for 
nearly  half  au  hour  without  once  taking  off  my  eyes.  They  moved  in  large 
curves  sweeping  in  circles,  descending  and  ascending  without  once  flapping.  As 
they  glided  close  over  my  head,  I  intently  watched,  from  an  oblique  position,  the 
outtines  of  the  separate  and  terminal  feathers  of  the  wing ;  and  if  there  had  been 
the  least  vibratory  movement  these  would  have  blended  together,  but  they  were 
seen  distinct  against  the  blue  sky.  The  head  and  neck  were  moved  frequently 
and  apparently  with  force,  and  it  appeared  as  if  the  extended  wings  formed  the 
fnlcram  on  which  the  movements  of  the  neck,  body,  and  tail  acted.  If  the  bird 
wished  to  descend,  the  wings  for  a  moment  collapsed;  and  then  when  again  ex- 
panded with  an  altered  inclination  the  momentum  gained  by  the  rapid  descent, 
seemed  to  urge  the  bird  upwards,  with  the  even  and  steady  movement  of  a  paper 
kite.  In  the  case  of  any  bird  soaring,  its  motion  mu?»t  be  sufficiently  rapid  so 
that  the  action  of  the  inclined  surface  of  its  body  on  the  atmosphere  may  counter- 
balance  its  gravity.  The  force  to  keep  up  the  momentum  of  a  body  moving  in  a 
horiasontal  plane  in  that  fluid  .(in  which  there  is  so  little  friction)  cannot  be  great, 
and  this  force  is  all  that  is  wanted.  The  movement  of  the  neck  and  body  of  the 
condoi;  we  must  suppose  is  sufficient  for  this.  However  this  may  be,  it  is  truly 
wonderful  and  beautiful  to  se6  so  great  a  bird,  hour  after  hour,  without  any 
apparent'  esertion.  wheeling  and  gliding  over  mountain  and  river." — Darwin's 
JcumaX  of  the  Various  Countries  Visited  by  H.  M.  S.  Beagle^  pp.  223-224. 
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But  althouffh  to  show  how  this  physical  miracle  of  nature  is 
to  be  imitated,  completely  and  in  detail,  may  be  found  to  tran- 
scend any  power  of  analysis,  I  hope  to  show  that  this  may  be 
possible  without  invoking  the  asserted  power  of  ''aspiration" 
relative  to  curved  surfaces,  or  the  trend  of  upward  currents, 
and  even  to  indicate  the  probability  that  the  mechanical  solu- 
tion of  this  problem  may  not  be  beyond  human  skill. 

To  this  conclusion  we  are  invited  by  the  following  consid- 
eration, among  others. 

We  will  presently  examine  the  means  of  utilizing  this  poten- 
tiality of  internal  work  in  order  to  cause  an  inert  body  wholly 
unrestricted  in  its  motion  and  wholly  immersed  in  the  current, 
to  rise  /  but  first  let  us  consider  such  a  body  (a  plane)  whose 
movement  is  restricted  to  a  horizontal  direction,  but  which  is 
free  to  move  between  frictionless  vertical  guides.  Let  it  be 
inclined  upward  at  a  small  angle  towards  a  norizontal  wind  so 
that  only  the  vertical  component  of  the  pressure  of  the  wind 
on  the  plane  will  affect  its  motion.  If  the  velocity  of  the 
wind  be  suflScient,  the  vertical  component  of  pressure  will 
equal  or  exceed  the  weight  of  the  plane,  and  in  the  latter  case, 
the  plane  will  rise  indefinitely. 

Thus,  to  take  a  concrete  example,  if  the  plane  be  a  rect- 
angle whose  length  is  six  times  its  width,  having  an  area  of 
2*3  square  feet  to  the  pound,  and  be  inclined  at  an  angle  of  7®, 
and  if  the  wind  have  a  velocity  of  36  feet  per  second,  experi- 
ment shows  that  the  upward  pressure  will  exceed  the  weight 
6f  the  plane,  and  the  plane  will  rise,  if  between  vertical  nearly 
frictionless  guides,  at  an  increasing  rate,  until  it  has  a  velocity 
of  2*52  feet  per  second,*  at  which  speed  the  weight  and  up- 
ward pressure  are  in  equilibrium.  Hence  there  are  no  unbal- 
anced forces  acting,  and  the  plane  will  have  attained  a  state  of 
uniform  motion. 

For  a  wind  that  blows  during  10  seconds,  the  plane  will 
therefore  rise  about  25  feet.  At  the  beginning  of  the  motion, 
the  inertia  of  the  plane  makes  the  rate  of  rise  less  than  the 
uniform  rate,  but  at  the  end  of  10  seconds,  the  inertia  will  cause 
the  plane  to  ascend  a  short  distance  after  the  wind  has  ceased, 
so  that  the  deficit  at  the  beginning  will  be  counterbalanced 
by  the  excess  at  the  end  of  the  assigned  interval. 

We  have  just  been  speaking  of  a  material  heavy  plane  per- 
manencly  sustained  in  vertical  guides,  which  are  essential  to  its 
continuous  ascent  in  a  uniform  wind,  but  such  a  plane  will  be 
lifted  and  sustained  momentarily  even  if  there  be  no  vertical 
guides,  or  in  the  case  of  a  kite,  even  if  there  be  no  cord  to 
retain  it,  the  inertia  of  the  body  supplying  for  a  brief  period, 

*  See  **  Experiments  in  Aerodynamics,"  by  S.  P.  Langley,  Smithsonian  (Jowtrir 
butions  to  Ertowtedge^  1891. 
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the  oflBce  of  the  guides  or  of  the  cord.  If  suitably  disposed,  it 
will,  as  the  writer  has  elsewhere  shown,  under  the  resistance 
to  a  horizontal  wind,  imposed  only  by  its  inertia,  commence 
to  move,  not  in  the  direction  of  the  wind,  but  nearly  vertically. 
Presently  however,  as  we  recognize,  this  inertia  must  be  over- 
come, and  as  the  inclined  plane  takes  up  more  and  more  the 
motion  of  the  wind,  the  lilting  effect  must  grow  less  and  less 
(that  is  to  say,  if  the  wind  be  the  approximately  homogerieous 
current  it  is  commonly  treated  as  being),  and  finally  ceasing 
altogether,  the  plane  must  ultimately  fall.  If,  however  a 
counter-current  is  supposed  to  meet  this 
inclined  plane,  before  the  effect  of  its 
inertia  is  exhausted,  and  consequently 
before  it  ceases  to  rise,  we  have  only  to 
suppose  the  plane  to  be  rotated  through 
180^  about  a  vertical  axis,  without  any 
other  call  for  the  expenditure  of  energy, 
to  see  that  it  will  now  be  lifted  still 
higher,  owing  to  the  fact  that  its  inertia 
DOW  reappears  as  an  active  factor.  The 
annexed  sketch  (fig.  1)  shows  a  typical 
representation  of  what  might  be  sup- 
posed to  happen  with  a  model  inclined 
plane  freely  suspended  in  the  air,  and  j-ig.!. 

endowed  with  the  power  of  rotating  about 
a  vertical  axis  so  as  to  change  the  aspect  of  its  constant  inclina- 
tion, which  need  involve  no  (theoretical)  expenditure  of  energy, 
even  although  the  plane  possess  inertia.  We  see  that  this 
plate  would  rise  indefinitely  by  the  action  of  the  wind  in  alter- 
nate directions. 

The  disposition  of  the  wind  which  is  here  supposed  to  cause 
the  plane  to  rise,  appears  at  first  sight  an  impossible  one,  but 
we  shall  next  make  the  important  observation  that  it  becomes 
virtually  possible  by  a  method  which  we  shall  now  point  out, 
and  which  leads  to  a  practicable  one  which  we  may  actually 
einploy. 

Figure  2  shows  the  wind  blowing  in  one  constant  direction, 
but  alternately  at  two  widely  varying  velocities  or  rather  (in 
the  extreme  case  supposed  in  illustration),  where  one  of  the 
velocities  is  negligibly  small,  and  where  successive  pulsations 
in  the  same  direction  are  separated  by  intervals  of  calm. 

A  frequent  alternation  of  velocities,  united  with  constancy 
of  absolute  direction,  has  previously  been  shown  here  to  be 
the  ordinary  condition  of  the  wind's  motion  ;  but  attention  is 
now  particularly  called  to  the  fact  that  while  these  unequal 
velocities  may  be  in  the  same  direction  as  regards  the  surface 
of  the  earth  yet  as  regards  the  mean  motion  of  the  wind,  they 


56 


S.  P.  Langley — Inttmal  Work  of  the  Wind. 


are  in  opposite  directions,  and  will  produce  on  a  plane,  whose 
inertia  enables  it  to  sustain  a  sensibly  uniform  motion  with  the 
mean  velocity  of  this  variable  wind,  the  same  lifting  effect  as 
if  these  same  alternating  winds  were  in  absolutely  opposed 
directions,  provided  that  the  (constant  inclination  oi  the  plane 
alternates  in  its  aspect  to  correspond  with  the  changes  in  the 
wind. 

It  may  aid  in  clearness  of  concep- 
tion, if  we  imagine  a  set  of  fixed  co- 
ordinates X  Y  Z  passing  through  0, 
and  a  set  of  movable  co-ordinates 
X  y  z^  moving  with  the  velocity  and 
the  direction  of  the  mean  wind.  K 
the  moving  body  is  referred  to  these 
first  only,  it  is  evidently  subject  to 
pulsations  which  take  place  in  the 
same  directions  on  the  axis  of  X,  but 
it  must  be  also  evident  that  if  re- 
ferred to  the  second  or  movable  co- 
ordinates, these  same  pulsations  may 
be  and  are,  in  opposite  directions. 
This,  then,  is  the  case  we  have  just 
considered,  and  if  we  suppose  the 
plane  to  change  the  aspect*  of  its 
(constant)  inclination  as  the  direc- 
tion of  the  pulsations  changes,  it  is 
evident  that  there  must  be  a  gain  in 
altitude  with  every  pulsation,  while 
the  plane  advances  horizontally  with  the  velocity  of  the  mean 
wind. 

During  the  period  of  maximum  wind  velocity,  when  the 
wind  is  moving  faster  than  the  plane,  the  rear  edge  of  the  lat- 
ter must  elevated.  During  the  period  of  minimum  velocity, 
when  the  plane,  owing  to  its  inertia  is  moving  faster  than  the 
wind,  the  front  edge  of  the  plane  must  be  elevated.  Thus  the 
vertical  component  of  the  wind  pressure  as  it  strikes  the 
oblique  plane,  tends  in  both  cases,  to  give  it  a  vertical  upward 
thrust.  So  long  as  this  thrust  is  in  excess  of  the  weight  to  be 
lifted,  the  plane  will  rise.  The  rate  of  rise  will  be  greatest  at 
the  beginning  of  each  period,  when  the  relative  velocity  is' 
greatest,  and  will  diminish  as  the  resistance  produces  "  drift ;" 
^,  e.  diminishes  relative  velocity.  The  curved  line  O  B  in  the 
vignette,  represents  a  typical  path  of  the  plane  under  these 
conditions. 

*  We  do  not  for  the  momeat  consider  how  this  change  of  aspect  is  to  be  mechani- 
oally  effected ;  we  only  at  present  call  attention  to  the  fact  that  it  inyolvea,  in 
theory,  no  expenditures  of  energy. 
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It  follows  from  the  diagram  (fig.  1)  that  other  things  being 
equal  the  more  frequent  the  wind's  pulsations,  the  greater  will 
be  the  rise  of  the  plane,  for  since  during  each  period  of  steady 
wind,  the  rate  of  rise  diminishes,  the  more  rapid  the  pulsa- 
tions, the  nearer  the  mean  rate  of  rise  will  be  to  the  initial 
rate.  The  requisite  frequency  of  pulsations  is  also  related  to 
the  inertia  of  the  plane,  as  the  less  the  inertia,  the  more  fre- 
quent must  be  the  pulsations  in  order  that  the  plane  shall  not 
lose  its  relative  velocity. 

It  is  obvious  that  there  is  a  limit  or  weight  which  cannot  be 
exceeded  if  the  body  is  to  be  sustained  by  any  such  fluctua- 
tions of  velocity  as  can  be  actually  experienced.  Above  this 
limit  of  weight  the  body  will  sink.  Below  this  limit  the 
lighter  the  body  is  the  higher  it  will  be  carried,  but  with 
increasing  variability  of  speed.  That  body,  then,  which  has  the 
greatest  weight  per  unit  of  surface,  will  soar  with  the  greatest 
steadiness,  if  it  soar  at  all,  not  on  account  of  this  weight 
per  se^  but  because  the  weight  is  an  index  of  its  inertia. 

The  reader  who  will  compare  the  results  of  experiments 
made  with  any  artificial  flying  models,  like  those  of  Fenaud, 
with  the  weights  of  the  soaring  birds  as  given  in  the  tables  by 
M.  Mouillard,  or  other  authentic  sources,  cannot  fail  to  be 
struck  with  the  great  weight  in  proportion  to  wing  surface 
which  nature  has  given  to  the  soaring  bird,  compared  with 
any   which  man  has  yet  been  able  to  imitate  in  his  models. 

This  fact  of  the  weight  of  the  soaring  bird  in  proportion  to 
its  area,  has  been  again  and  again  noted,  and  it  has  been  fre- 
quently remarked  that  without  weight  the  bird  could  not  soar, 
by  writers  who  felt  that  they  could  very  safely  make  such  a 
paradoxical  statement,  in  view  of  the  evidence  nature  every- 
where gave  that  this  weight  was  indeed  in  some  way  neces- 
sary to  rising.  But  these  writers  have  not  shown,  so  far  as  I 
remember,  how  this  necessity  arises,  and  this  is  what  I  now 
endeavor  to  point  out.* 

It  has  not  here  been  shown  what  limit  of  weight  is  im- 
posed to  the  power  of  an  ordinary  wind  to  elevate  and  sus- 
tain, but  it  seems  to  me,  and  I  hope  that  it  may  seem  to  the 
reader,  that  the  evidence  that  there  is  some  weight  which  the 
action  of  the  wind  is  sufficient  to  permanently  sustain  under 
these  conditions  in  a  free  body,  has  a  demonstrative  character, 
although  no  quantitative  formula  is  offered  at  this  stage  of  the 
investigation.     It  is  obvious  that,  if  this  weight  is  sustainable 

^It  is  perhaps  not  superfluous  to  recall  here  that,  according  to  the  researches 
of  Baukine,  Froude  and  others,  a  body  moulded  in  wave-hne  curves  would,  if 
frictiunless,  continue  to  move  indefinitely  against  an  opposed  wind,  in  virtue  of 
inertia  and  once  aequirdd  velocity,  and  also  to  recall  how  very  small  the  effect  of 
fluid  friction  in  the  air  has  been  shown  to  be  (by  the  writer  in  a  previous  investi- 
gallon). 
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at  any  height,  gravity  may  be  utilized  to  caase  the  body 
(whicn  we  suppose  to  be  a  material  plane)  to  descend  on  an 
inclined  course,  to  some  distance,  even  against  the  wind. 

I  desire,  in  this  connection  to  remark  that  the  preceding 
experiments  and  deductions  showing  that  a  material  free 
plane,*  possessing  suflScient  inertia,  may  in  theory  rise  indefi- 
nitely by  the  action  of  an  ordinary  wind,  without  the  expendi- 
ture of  work  from  any  internal  source  (as  well  as  those  state- 
ments, which  follow),  when  these  explanations  are  once  made, 
have  a  character  of  obviousness,  which  is  due  to  the  simplicity 
of  the  enunciation,  but  not,  I  think,  to  the  familiarity  of  the 
explanation,  for  though  attention  is  beginning  to  be  paid  by 
meteorologists  to  the  rapidity  of  these  wind  fluctuations,  I  am 
not  aware  that  their  effects  have  been  so  exhibited,  or  espe- 
cially, that  they  have  been  presented  in  this  connection,  or 
that  the  conclusions  which  follow  have  been  drawn  from  them. 

We  have  here  seen,  then,  how  pulsations  of  sufficient  ampli- 
tude and  frequency,  of  the  kind  which  present  themselves  in 
nature,  may,  in  theory,  furnish  energy  not  only  sufficient  to 
sustain,  but  actually  to  elevate  a  heavy  body  moving  in  and 
with  the  wind  at  its  mean  rate. 

It  is  easy  to  now  pass  to  the  practical  case  which  has  been 
already  referred  to,  and  which  is  exemplified  in  nature, 
namely,  that  in  which  the  body  {e,  q,  the  bird  soaring  on  rigid 
wings,  but  having  power  to  change  its  inclination)  uses  the 
elevation  thus  gained  to  move  against  the  wind,  without 
expending  any  sensible  amount  of  its  own  energy.  Here  the 
upward  motion  is  designedly  arrested  at  any  convenient  stage, 
e,  g.  at  each  alternate  pulsation  of  the  wind,  and  the  height 
attained  is  utilized  so  that  the  action  of  gravity  may  carry  the 
body  by  its  descent  in  a  curvilinear  path  (if  necessary)  against 
the  wind.  It  has  just  been  pointed  out  that  if  some  height  has 
been  attained,  the  theoretical  possibility  of  some  advance 
against  the  wind  in  so  falling,  hardly  needs  demonstration, 
though  it  may  not  unnaturally  be  supposed  that  the  relative 
advance  so  gained  must  be  insignificant,  compared  with  the 
distance  traveled  by  the  mean  wind  while  the  body  was  being 
elevated,  so  that  on  the  whole  the  body  is  carried  by  the  wind, 
further  than  it  advances  against  it. 

This  however,  probably  need  not  be  in  fact  the  case,  there 
being,  as  it  appears  to  me  from  experiment  and  from  deduction, 

*  I  use  the  word  "  plane,"  but  include  in  the  statement  all  suitable  modificatloiui 
of  a  curved  surface. 

I  desire  to  recall  attention  to  the  paragraph  in  '^  Experiments  in  Aerodynamics" 
in  which  I  caution  the  reader  against  supposing  that  by  investigating  plane  sur- 
faces, I  imply  that  they  are  the  best  form  of  surface  for  flight;  and  I  repeat  here 
that,  as  a  matter  of  fact,  I  do  not  believe  them  to.  be  so.  I  have  selected  the 
plane  simply  as  the  best  form  for  preliminary  experiment. 
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every  reason  to  believe  that  under  suitable  conditions,  the 
advance  may  be  greater  than  the  recession,  or  that  the  body 
falling  under  the  action  of  gravity  along  a  suitable  path,  may 
return  against  the  wind,  not  only  from  Z  to  O,  the  point  of 
departure,  but  further  as  is  here  shown. 

I  repeat  however,  that  I  am  not  at  the  moment  undertaking 
to  demonstrate  how  the  action  is  mechanically  realizable  in 
actual  practice,  but  only  that  it  is  possible.  It  is  for  this  pur- 
pose, and  to  understand  more  exactly  that  it  can  be  effected, 
not  only  by  the  process  indicated,  in  the  second  illustration 
(fig.  2)  but  by  another  and  probably  more  usual  one  (and  nature 
has  still  others  at  command),  that  I  have  considered  another 
treatment  of  the  same  conditions,  of  wind-pulsations  always 
moving  in  the  same  horizontal  direction,  but  for  brief  periods, 
interrupted  by  equal  intervals  of  calm.  In  this  third  illustra- 
tion (tig.  3)  we  suppose  the  body  to  use  the  height  gained  in 
each  pulsation,  to  enable  it  to  descend  after  each  such  pulsa- 
tion and  advance  against  the  direction  of  the  wind. 


n^.3. 


The  portion  A  B  of  the  curve  represents  the  path  of  the 
plane  surface  from  a  state  of  rest  at  A,  where  it  has  a  small 
upward  inclination  toward  the  wind.  If  a  horizontal  wind 
blow  upon  it  in  the  direction  of  the  arrow,  the  first  movement 
of  the  plane  will  not  be  in  the  direction  of  the  wind,  but  as  is 
abundantly  demonstrated  by  the  writer  in  "  Experiments  in 
Aerodynamics"  it  will  rise  in  a  nearly  vertical  direction,  if  the 
angle  be  small.  The  wind,  continuing  to  blow  in  the  same 
direction,  at  the  end  of  a  certain  time,  the  plane,  which  has 
risen  (owing  to  its  inertia,  and  in  spite  of  its  weight),  to  the 
successive  positions  shown,  is  taking  up  more  and  more  of  the 
horizontal  velocity  of  the  wind,  and  consequently  opposing 
less  resistance  to  it,  and  therefore  moving  more  and  more  late- 
rally, and  rising  less  and  less,  at  every  successive  instant. 

If  the  wina  continued  indefinitely,  the  plane  would  ulti- 
mately take  up  its  velocity,  and  finally,  of  course,  fall,  when 
this  inertia  ceased  to  oppose  resistance  to  the  wind's  advance. 
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I  have  Bappoeed,  however,  the  wind  palsation  to  cease  at  the 
end  of  a  certain  brief  period,  and,  to  iix  oar  ideas,  let  qb  sup- 
pose thiB  period  to  be  five  seconds.  At  this  moment  the  period 
of  calms  begin,  and  now  let  the  plane,  which  is  supposed  to  have 
reached  the  point  B,  change  its  inclination  abont  a  horizontal 
axis  to  that  shown  in  the  diagram,  falling  at  first  nearly  verti- 
cally, with  its  edge  on  the  line  of  its  descent,  so  as  to  acquire 
speed,  and  this  speed,  acquired,  by  constantly  changing  its 
angle,  glide  down  the  curve  B  5  0,  so  that  the  plane  shall  be 
tangential  to  it  at  every  point  of  its  descending  advance.  At 
the  end  of  five  seconds  of  calm  it  has  reached  the  position  C, 
near  the  lowest  point  of  its  descent,  which  there  is  no  contra- 
diction to  known  mechanical  laws  in  supposing  may  be  higher 
than  A,  and  which  in  fact,  according  to  the  most  accurate  data 
the  writer  can  gather,  is  higher,  in  the  case  of  the  above  period, 
and  in  the  case  of  such  an  actual  plane,  as  has  been  experi- 
mented upon  by  him. 

Now,  having  reached  C,  at  the  end  of  the  five  seconds'  calm, 
if  the  wind  blow  in  the  same  direction  and  velocity  as  before, 
it  will  again  elevate  the  plane  on  the  latter's  presenting  the 
proper  angle,  but  this  time  under  more  favorable  circumstances, 
for  at  this  time  the  plane  is  already  in  motion  in  a  direction 
opposed  to  that  of  the  wind,  and  is  already  higher  than  it  was 
in  its  original  position  A.  Its  course,  therefore,  will  be  nearly 
that  along  the  curve  C  D,  during  all  which  time  it  maintains 
the  original  angle  a  or  one  very  slightly  less.  Arrived  at  D, 
and  at  the  instant  when  the  calm  begins,  it  falls  with  varying 
inclination,  to  the  lowest  position  E  (which  may  be  higher 
than  C),  which  it  attains  at  the  end  of  the  five  seconds  of  calm, 
then  rises  again  (still  nearly  at  the  angle  «)  to  a  higher  position, 
and  so  on  ;  the  alternation  of  directions  of  motion,  at  the  end 
of  each  pulsation,  growing  less  and  less  sharp,  and  the  path 
finally  talcing  the  character  of  a  sinuous  curve.  We  have  nere 
assumed  that  the  plane  goes  against  the  wind  and  rises  at  the 
same  time,  in  order  to  illustrate  that  this  is  possible,  though 
either  alternative  may  be  employed,  and  the  plane,  in  theory 
at  least,  may  maintain  on  the  whole  a  rapid  and  nearly  hori- 
zontal, or  a  slow  and  nearly  vertical  course,  or  anything 
botweon. 

It  is  not  meant,  either,  that  the  alternations  which  would  be 
observed  in  nature  are  as  sharp  as  those  here  represented, 
which  am  intentionally  exaggerated,  while  in  all  which  has 
just  preceded,  by  an  equally  intentional  exaggeration  of  the 
normal  action,  the  wind-pulsations  have  been  supposed  to  alter- 
nate with  absolute  calm.  This  being  understood,  it  i?  scarcely 
necessary  to  point  out  that  if  the  calm  is  not  absolute,  but  rf 
there  are  simply  frequent  successive  winds  or  pulsations  of 
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wind  of  considerably  diffmng  velocity  (such  as  the  anemome- 
ter observations  show,  are  realized  in  nature),  that  the  same 
general  effect  will  obtain,*  though  we  are  not  entitled  to 
assume  from  any  demonstration  thus  far  given  that  the  total 
advance  will  be  necessarily  greater  than  that  of  the  whole  dis- 
tance the  mean  wind  has  traveled.  It  may  also  be  observed 
that  the  actual  actions  of  the  soaring  bird  may  be  and  doubt- 
less are,  more  complex  in  detail  than  those  of  this  diagram, 
while  yet  in  their  entirety  depending  on  the  principles  it  sets 
forth. 

The  theoretical  possibility  at  least  will  now  it  is  hoped,  be 
granted,  not  only  of  the  body's  rising  indefinitely,  or  of  its 
descending  in  the  interval  of  calm  to  a  higher  level  C,  than  it 
rose  from  at  A,  but  of  its  advancing  against  the  calm  or  light 
wind  through  a  distance  B  C,  greater  than  that  of  A  B,  and  so 
on.  The  writer  however  repeats  that  he  has  reason  to  suppose 
from  the  data  obtained  by  him,  that  this  is  not  only  a  theoret- 
ical possibility,  but  a  mechanical  probability  under  the  condi- 
tions stated,  although  he  does  not  here  offer  a  quantitative 
demonstration  of  the  fact,  other  than  by  pointing  to  the  move- 
ments of  the  soaring-bird  and  inviting  their  reconsideration  in 
the  light  of  the  preceding  statements. 

The  bird,  by  some  tactile  sensibility  to  the  pressure  and 
direction  of  the  air,  is  able,  in  nautical  phrase,  to  *'see  the 
wind  "t  and  to  time  its  movements,  so  that  without  any  refer- 
ence to  its  height  from  the  ground,  it  reaches  the  lowest  por- 
tion of  its  descent  near  the  end  of  the  more  rapid  wind  pulsa- 
tion ;  but  the  writer  believes  that  to  cause  these  adaptive 
changes  in  an  otherwise  inert  body,  with  what  might  almost 
be  called  instinctive  readiness  and  rapidity,  does  not  really 
demand  intelligence  or  even  instinct,  but  that  the  future  aero- 
drome may  be  lurnished  with  a  substitute  for  instinct,  in  what 
may  perhaps  allowably  be  called,  a  mechanical  brain,  which 
yet  need  not,  in  his  opinion,  be  intricate  in  its  character.  His 
reasons  for  this  statement,  which  is  not  made  lightly,  must 
however  be  reserved  for  another  time. 

It  is  hardly  necessary  to  point  out  that  the  nearly  inert  body 
in  question  may  also  be  a  human  body,  guided  both  by  instinct 

*  The  rotation  of  the  body  about  a  vertical  axis  so  as  to  change  the  aspect  of 
the  inclination  as  in  the  first  figure,  may  be  illustrated  by  the  well-known  habit 
of  many  soaring-birds,  of  moving  in  small  closed  curves  or  spirals,  but  it  may 
also  be  observed,  in  view  of  the  fact  that  even  in  intervals  of  relative  calm  during 
which  the  body  descends,  there  is  always  some  wmd, — that  in  making  the  descents, 
if  the  body,  animate  or  inanimate,  maintain  its  direct  advance,  this  wind  tends  to 
strike  on  the  upper  side  of  the  plane  or  pinion.  Mr.  G.  E.  Curtis  offers  the  sug- 
gestion that  the  soaring-bird  avoids  such  a  position  when  possible,  and  therefore 
turns  at  right  angles  to  or  with  the  wind,  and  that  this  may  be  an  additional 
reason  for  his  well  known  habit  of  moving  in  spirals. 

fMouiUard. 
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and  intelli^nce,  and  that  there  raav  thns  be  a  sense  in  which 
hnman  flight  may  be  possible,  althooo^  flight  depending 
wholly  upon  the  action  of  human  muscles  be  forever  impos- 
sible. 

Let  me  resume  the  leading  points  of  the  present  memoir  in 
the  statement  that  it  has  been  shown  : 

(1)  That  the  wind  is  not  even  an  approximately  nniform 
moving  mass  of  air,  but  consists  of  a  succession  of  very  brief 
pulsations  of  varying  amplitude,  and  that,  relatively  to  the 
mean  movement  of  the  wind,  these  are  of  varying  direction. 

(2)  That  it  is  pointed  out  that  hence  there  is  a  potentiality 
of  "  internal  work  "  in  the  wind,  and  probably  of  a  very  great 
amount. 

(3)  That  it  involves  no  contradiction  of  known  principles  to 
declare  that  an  inclined  plane,  or  suitably  curved  surface, 
heavier  than  the  air,  freely  immersed  in,  and  moving  with  the 
velocity  of  the  mean  wind,  can,  if  the  wind  pulsations  here 
described  are  of  sufficient  amplitude,  and  frequency,  be  sus- 
tained or  even  raised  indefinitely  without  expenditure  of 
internal  energy,  other  than  that  which  is  involved  in  changing 
the  aspect  of  its  inclination  at  each  pulsation. 

C4)  That  since  (A)  such  a  surface,,  having  also  power  to 
change  its  inclination,  must  gain  energy  through  falling  during 
the  slower,  and  expend  energy  by  rising  during  the  higher, 
velocities ;  and  that  (B)  since  it  has  been  shown  that  there  is 
no  contradiction  of  known  mechanical  laws  in  assuming  that 
the  surface  may  be  sustained  or  may  continue  to  rise  indefi- 
nitely, the  mechanical  possibility  of  some  advance  against  the 
direction  of  the  wind,  follows  immediately  from  this  capacity 
of  rising.  It  is  further  seen  that  it  is  at  least  possible  that 
this  advance  against  the  wind  mav  not  onlv  be  attained  rela- 
tively  to  the  position  of  a  body  moving  with  the  speed  of  the 
mean  wind,  but  absolutely,  and  with  reference  to  a  fixed  point 
in  space. 

(b)  The  statement  is  made  that  this  is  not  only  mechanically 
possible,  but  that  in  the  writer's  opinion,  it  is  realizable  in 
practice. 

Finally,  these  observations  and  deductions  have,  it  seems  to 
me  an  important  practical  application  not  only  as  regards  a  liv- 
ing creature  like  the  soaring  bird  but  still  more  as  regards  a 
mechanically  constructed  body,  whose  specific  gravity  may 
probably  be  many  hundred  or  even  many  thousand  times  that 
of  the  atmosphere.  We  may  suppose  such  a  body  to  be  sup- 
plied with  fuel  and  engines,  which  would  be  indispensable  to 
sustain  it  in  a  calm,  and  yet  which  we  now  see  might  be  ordi- 
narily left  entirely  inactive,  so  that  the  body  could  supposably 
remain  in  the  air  and  even  maintain  its  motion  in  any  diree- 
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tion  without  expending  its  energy,  except  as  regards  the  act  of 
changing  the  inclination  or  aspect  which  it  presents  to  the 
wind,  while  the  wind  blew. 

The  final  application  of  these  principles  to  the  art  of  aero- 
dromics,  seems  then  to  be,  that  while  it  is  not  likely  that  the 
perfected  aerodrome  *will  ever  be  able  to  dispense  altogether 
with  the  ability  to  rely  at  intervals  on  some  internal  source  of 
power,  it  will  not  be  indispensable  that  this  aerodrome  of  the 
future,  shall  in  order  to  go  any  distance — even  to  circumnavi- 
gate the  globe  without  alighting — need  to  carry  a  weight  of 
fuel,  which  would  enable  it  to  perform  this  journey  under  con- 
ditions analogous  to  those  of  a  steamship,  but  that  the  fuel 
and  weight  need  only  be  such  as  to  enable  it  to  take  care  of 
itself  in  exceptional  moments  of  calm. 

SmithsoDian  Institution, 
Washington,  D.  C,  August,  1893. 
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[Published  by  permission  of  the  Director  of  the  U.  S.  Geol.  Survey.] 

The  following  paper  is  an  account  of  some  detached  obser- 
vations made  by  the  writer  while  engaged  in  the  survey  of  the 
pleistocene  deposits  of  southern  New  England.  The  matters 
touched  upon  here  are  too  detailed  and  of  too  little  economic 
importance- to  find  a  place  in  the  short  descriptive  text  accom- 
panying the  forthcommg  atlas  sheets,  and  are  hence  published 
in .  this  form.  The  field  work  during  which  the  observations 
were  made  extended  over  the  years  1889-1892,  and  was  done 
under  the  supervision  of  Mr.  N.  S.  Shaler,  geologist  in  charge 
of  the  Atlantic  Coast  Division,  to  whom  I  am  primarily  in- 
debted for  the  privilege  of  making  this  independent  state- 
ment of  my  observations. 

The  action  of  the  winds  in  New  England  in  their  geological 
bearing  has  been  described  in  several  communications.  The 
most  significant  of  these  papers  is  that  published  in  this 
Journal,  in  1886,  by  Geo.  H.  Stone.*     In  this  paper.  Prof. 

*III,  vol.  xxxi.  pp.  133-138.  The  following  is  a  list  of  papers  by  American 
authors  in  which  carved  and  polished  rock  surfaces  are  described,  and  generally 
though  not  always  ascribed  to  eolian  action. 

1855.  W.  P.  Blake:  Report  of  a  Reconnaissance  in  Colorado.  House  Doc. 
129,  p.  27,  and  Pacific  Ry.  Reports,  v,  pp.  91,  117,  229-232,  and  this  Journal,  II,  ^ 
XX,  pp.  178-181.  1861.  C.  H.  Hitchcock:  Report  on  Geology  of  Maine,  pp. 
266-268;  1870.  Gen.  Benj.  Tilghman:  U.  S.  Patent,  No.  108,408;  1875.  G.  K. 
Gilbert:  U.  S.  Geog.  Surv.  100th  Meridian,  III,  pp.  82-84;  1886  N,  S.  Shaler: 
Geology  of  the  Island  of  Nantucket,   U.   S.   Geol.   Survey,   Bull.   53;    1886. 
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Stone  for  the  first  time  recognized  the  agency  of  wind-driven 
sand  in  carving  rock  surfaces.  His  studies  were  carried  on  in 
the  State  of  Maine,  where,  he  states,  '^  in  nuineroas  places, 
both  in  Bethel  and  elsewhere  near  the  mountains,  I  found 
bowlders  and  even  small  stones  which  are  now  being  sand- 
carved  by  the  wind  as  plainly  and  incontestably  as  in  Colo- 
rado." 

The  competency  of  bloxon-sand  to  carve  rock  surfaces, — 
There  can  be  no  question  that  sands  driven  by  the  wind  have 
the  power  to  cut  away  the  surface  of  rocks  on  which  they 
impinge.  The  observations  of  Blake  in  San  Bernardino  Pass, 
of  Gilbert  in  the  Great  Basin,  of  Blanford  and  Oldway  in 
India,  and  of  numerous  observers  in  the  desert  regions  oi  the 
Sahara,  the  Sinai  peninsula,  and  less  arid  tracts,  point  condu- 
3  sively  to  the  view  that  by  means  of  this  subtle  agency  the 
hardest  rocks  are  reduced  to  detritus  and  receive  a  form  pecu- 
liar to  the  manner  of  erosion. 

Preslwifh,  in  his  Geology  (vol.  i,  page  145\  says  :  "  On  a  land 
freshly  emerged  from  the  sea,  both  rain  and  wind  had  necessarily 
an  infinitely  greater  effect  than  now,  when  it  is  covered  with  soil 
and  vegetation.  Soft  and  incoherent  strata  were  then  subject  to 
rapid  wear  by  surface  waters,  and  loose  materials  to  easy  removal 
by  strong  >vinds,  as  sands  now  are  on  the  coast,  or  on  bare  tracts 
inland  bv  the  like  cause.  In  the  same  wav  volcanic  ashes,  Dia- 
tomacese,  and  seeds  are  transported  for  hundreds  of  miles,  and  so 
dispersed  over  wide  areas.  Sand,  when  carried  by  winds  over 
rocks,  is  known  to  wear  them  smooth,  and  even  to  line  their  sur- 
face with  scratches  and  furrows.  In  some  cases,  hard  rocks,  such 
as  granite,  quartz,  and  limestone,  have  been  polished,  and  quartz- 
ite  pebbles  worn  into  symmetrical  forms  by  this  means.  This 
occurs  in  countries  where  certain  winds  prevail  at  different  tiiAes 
of  the  year,  so  that  different  sides  of  the  pebbles  are  alternately 
exposed  to  the  wind-action.  In  this  manner  regular  pyramidal- 
shaped  pebbU'S  have  been  fashioned  in  New  Zealand  and  Egypt." 

This  quotation  sets  forth  in  brief  the  class  of  effects  which 
are  sparingly  observed  in  the  district  to  which  this  paper  re- 
lates. The  explanation  of  the  pyramidal-shaped  pebbles  given 
by  Prestwich  differs  somewhat  from  that  advanced  by  Walther, 
whose  account  of  his  observations  and  the  history  of  opinion 
in  Germany  is  so  good  that  I  venture  to  quote  from  his  valu- 
able monograph* 

Aiex.WmchelI:  Geological  Studies,  p.  284;  1886.  N.  H.  Winobell:  Qeology  and. 
XaL  Hist.  Surrey  of  Miuu ,  i,  p.  541.  R.  D.  Salisbury,  Annual  Rep%  N.  jTCteoL 
Survey,  for  1 892'  p.  1 55. 

*  Die  Denudation  in  der  Wiiste  und  ihre  geologische  Bedeutung.  Abhand- 
longen  der  math.-phvsisch.  Classe  der  Konigl.  Sach.  Qesell.  der  Wissenscbaften. 
Band,  xvi  Ko.  iii,  1891.  pp.  445-448. 

The  following  are  some  of  the  foreigpi  papers  relating  to  tbe  formaUon  of 
carred  pebbles : 
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"It  was  so  far  as  I  know  on  the  5th  of  April,  1876,  that  G. 
Berendt  for  the  first  time  called  the  attention  of  North  German 
geologists  to  peculiar  facets  which  are  seen  on  pebbles  in  the 
glacial  drift.  Since  this  time,  these  so-called  '  drei-kanter,  or 
*  Kantengerolle  '  have  interested  geologists,  and  a  great  deal  has 
been  written  on  this  subject.  They  were  regarded  as  the  work 
of  ice,  of  great  pressure,  etc.,  until  Mickwitz  in  his  treatise  gave 
the  right  key  to  the  puzzle,  in  that  he  proved  that  these  facets 
are  merely  a  phenomenon  of  smoothing  by  sand  (Sandschliffer- 
scheinuDg),  a  view  which  since  then  has  merely  been  confirmed 
by  Credner,  Heim,  Sauer,  and  others.  Views  at  present  differ 
only  concerning  the  manner  in  which 'these  planes  were  cut.  I  have 
collected  a  number  of  such  edged  pebbles  in  different  parts  of 
the  desert:  first  I  found  them  in  Wady  Araba  in  the  Arabian 
desert,  then  between  Giseh  and  Abu  Roasch  on  the  border  of  the 
Libyan  desert ;  and  Dr.  Sarasin  has  found  them  in  the  Sinai 
peninsula. 

"According  to  my  observations,"  continues  Walther,  "it  is 
limestone  of  the  Cretaceous  formation,  of  tine,  compact,  very 
uniform  grain,  which  in  Egypt  forms  dreikanter.  I  have  not 
found  other  varieties  of  rock  in  this  form.  The  Eocene  lime- 
stones may  be  too  soft,  the  Nummulitic  rock  too  unequally  hard, 
and  the  crystalline  rocks,  as  I  have  to  show  in  the  following 
pages,  so  quickly  decompose  in  the  desert  that  they  are  not 
adapted  for  forming  dreikanter. 

**The  number  of  corners  ground  on  varies  as  much  as  does  the 
size  of  the  pebbles,  and  neither  are  causally  connected.  I  found 
einkanter  (pebbles  with  one  edge  or  arris)  a  foot  in  diameter 
(fussgrosse)  and  nut-sized  stones  with  five  edges  (ftlnfkanter)  and 
conversely. 

"The  edges  are  of  unequal  sharpness,  and  I  believe  I  have  ob- 
served that  the  edges  are  merely  due  to  the  fact  that  two  ground 
flat  surfaces  intersect  each  other  so  that  the  expression  '  facetted 
pebbles'  (Facettengerolle)  appears  to  me  to  be  more  correct 
than  edged-pebbles  (Kantengerolle). 

"A  connection  between  the  direction  of  the  edges  and  the 
direction  of  the  wind  could  not  be  found,  and  this  seems  to  me 
easily  understood  since  I  did  not  observe  constant  winds,  and 

JohanDes  "Walther:  KantengeroUen  in  der  Galalawiiste ;  Be  rich  te  der  math, 
phys.  Klasse  der  Sachs.  Gesell.  der  Wissenschaft,  Nov.  14,  1887;  B.  Greinitz: 
Ueber  KanteDgoroUen ;  Neues.  Jahrb.  fiir  Min.  Geol.  and  Pal.  Stuttgart,  1887 
(H),  p.  78.  Helm :  Kantengeschiebe  aus  dam  norddeutschen  Diluvium ;  Yiertel- 
jahrsch  r.  d.  Furcher.  Natur.  Gesellsch.,  1888.  F.  Wahnschaffe,  Beitrag.  zur 
Ldssfrage;  Jahrbuch  d.  Konig*  Preuss.  Geol.  Landesanstalt,  Berlin,  1890,  pp. 
328-346.  A.  Sauer  und  0.  Chelim :  Die  Ersten  Kantengeschiebe  im  Gebiete  der 
Rheinebene;  Neues  Jahrb.  f.  Min.,  etc.,  1890,  ii.  A.  Sauer:  Ueber  due  seolische 
Enstebung  des  Loss  am  Rande  der  norddeutschen  Tiefebene  ;  Zeitschr.  fiir  Natur- 
wlssenschaften,  Bd.  bdi,  Halle,  1889;  Neues.  Jahrb.  f.  Min.,  1888,  Bd.  ii,  s. 
300-304.  Dames  und  Wahnschaffe:  Zeitschrift  d.  Deutsch.  Geol.  Ges.,  1887,  a. 
226-237  und  229.  A.  Geikie  in  the  3d  edition  of  his  text-book  refers  to  other 
papers. 
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since  the  direction  of  the  wind  in  the  desert  often  changes  every 
hoar. 

"  On  the  other  hand,  I  have  never  found  the  facetted  pebbles 
isolated,  but  always  distributed  among  ordinary  desert  pebbles, 
which  lay   close  together.      The   annexed   drawings   show   the 

Eosition  of  facetted  pebbles  with  reference  to  other  pebbles.*  I 
ave  frequently  observed  the  movement  of  the  sand  between 
such  pebbles  with  strong  wind  (sand wind)  and  have  come  to  the 
following  conclusion  concerning  the  formation  of  the  f acettes : 

"  The  sand  flows  along  in  little  streams  over  the  ground  and 
the  pebbles  lying  on  the  surface  form  just  so  many  obstructions 
and  resistances  to  the  small'  sand-courses.  In  front  of  a  large 
pebble  the  sand-stream  is  parted,  so  as  often  to  reunite  behind 
the  obstruction ;  often  the  divided  streamlets  run,  isolated,  some 
distance  further,  finally  reuniting  with  neighboring  ones.  In 
consequence  of  this  bifurcation  and  reunion  of  the  small  sand- 
streams,  caused  by  the  stones  lying  on  the  ground,  such  stones 
upon  which  two  converging  sand-streams  strike,  become  provided 
with  two  facettes,  of  which  each  has  been  formed  by  a  sand- 
stream.  Since  these  facettes  continually  enlarge,  they  come 
finally  to  an  intersection  (gegenseitigen  Schneiden)  and  form 
thereby  an  edge.  Pebbles  which  are  constantly  washed  by 
similar  sand-streams,  receive  sharp  edges ;  but  if  the  direction  of 
the  sand-stream  changes,  then  the  edges  and  facettes  will  become 
indistinct  and  again  effaced. 

"In  other  words,  planes  are  cut.on  the  pebbles,  whose  develop- 
ment forms  edges,  and  on  this  account  the  word  *  facetted- pebble' 
(Facettengerolle)  it  seems  to  me  best  expresses  the  process  of 
their  formation,  for  the  edge  is  secondary." 

The  attention  which  is  paid  to  this  subject  in  Grermany  and 
the  indications  which  point  to  even  the  slight  action  of  wind- 
blown sands  are  evident  from  what  Karl  v.  Fritsch  says  in  his 
Allgemeine  Geologic  (Stuttgart,  1888),  p.  302. 

"  Wir  konnen  in  Norddeutschland  die  grossen  erratischen 
BlOcke  an  den  Wegen,  Brtickenfeilern,  etc.,  nicht  betrachten, 
ohne  wahrzunehraen,  dasa  sie  fast  alle  aul*  der  nach  der  herrschen- 
den  Windrichtung  (meist  Nordwest)  liegenden  Seite  bin  eine 
eigenthtimlich  flachgrubige  oberflache  und  einen  starkeren  Glanz 
als  liewartz  zeigjen.  Giebt  es  auch  solche  Feldsteine  bei  denen 
das  erwahnte  Verhaltnisse  nicht  wahrnehmbar  ist,  so  kann  man  die 
Ursache  ihrer  Rauhigkeit  fast  jedesraal  erkennen.  Sobald  ein 
erratischer  Block  eine  langere  Reihe  von  Jahre  unvei*andert 
liegen  geblieben,  fehlen  diese  spuren  der  Winderosion  nicht." 

Localities  in  which  eolian  action  was  observed  in  southern 
New  England :  Island  of  Martha^ s  Vineyard, — At  a  number 

*  The  drawings  are  not  reproduced  in  the  present  paper. 
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of  points  on  the  highlands  of  this  island  wind-bared  spaces 
were  found,  in  some  of  which  occur  polished  and  worn  peb- 
bles. Such  places  are  common  on  the  east  side  of  Menemsha 
Creek  near  the  road  which  goes  southward  to  Chilraark.  At 
other  points  on  the  island,  both  in  the  highland  region  and 
on  the  morainal  plain,  I  found  carved  and  polished  pebbles  in 
positions  where  sands  are  not  now  blowing.  One  carved  and 
polished  pebble  was  found  with  its  carved  faces  uppermost  by 
the  side  of  an  old  cart  road  in  a  field  surrounded  by  woods, 
and  in  a  location  where  no  winds  have  blown  sand  since  the 
foresting  of  that  portion  of  the  island.  The  facets  still  re- 
tain their  peculiar  polish.  Another  pebble  partially  buried  in 
the  soil  had  been  covered  over  by  a  lichenous  growth.  It, 
too,  had  long  been  exempted  from  the  action  of  the  wind  by 
the  forest  and  soil.  Near  the  mouth  of  Paint  Mill  Brook,  on 
the  north  shore  of  the  island,  and  at  an  elevation  of  about  20 
feet  above  the  sea,  the  glacial  gravels  underlying  the  soil,  for 
the  depth  of  3  or  4  inches  contain  numerous  examples  of 
pebbles  with  a  high  polish  and  the  facets  and  edges  peculiar 
morainal  plain  near  West  Tisbury,  all  indicating  the  former 
to  eolian  pebbles.  Similar  pebbles  were  found  on  the 
activity  of  the  process  here  described  at  a  time  before  the 
growth  of  forests  and  the  soil  prevented  the  blowing  of  sand. 
The  section  in  Mataheset  Creeh — The  most  important  occur- 
rence of  facetted-pebbles  known  to  me  in  this  field  was  met 
with  in  September,  1880,  in  the  extreme  southeastern  part  of 
the  island  in  the  banks  of  a  ditch  opened  between  Matakeset 
Pond  and  Katama  Bay,  and  which  is  known  as  Matakeset 
Creek.  In  this  ditch,  then  newly  opened,  there  was  exposed 
to  view  a  continuous  line  of  sculptured  and  polished  pebbles 
lying  at  an  average  depth  of  from  one  to  two  feet  beneath  the 
surface.  The  pebbly  layer  rested  upon  a  semistratified  deposit 
of  sand  and  gravel  constituting  the  marginal  portion  of  the 
broad  plain  which  fronts  the  Martha's  Vineyard  moraine  on 
the  south.  The  pebbly  layer  was  overlaid  by  a  deposit  of 
fine,  wind  blown  beach  sand,  stained  black  by  humus,  and 
surmounted  by  a  thin  layer  of  mould  which  nourished  a  growth 
of  stunted  beach  grass.  These  sands  are  no  longer  blowing, 
but  immediately  to  the  south  of  the  ditch  at  the  distance  of 
an  eighth  of  a  mile  is  a  line  of  dunes  fringing  the  shore,  the 
inward  migration  of  whose  sands  has  not  suffused  the  beach 
grass  on  the  old  wind-blown  deposit.  The  layer  of  sand- 
carved  pebbles  is  about  three  inches  thick.  The  pebbles  vary 
in  size  from  the  very  smallest  polished  pebbles  to  bowlderets 
six  inches  in  diameter.  Many  of  these  show  no  carving  or 
polishing  on  one  side,  this  being  particularly  the  case  with 
the  underside  where  it  was  in  contact  with  the  underlying 
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gravels.  This  layer  could  be  traced  for  a  long  distance  either 
side  of  the  point  where  I  crossed  the  ditch,  and  thousands  of 
characteristic  facetted  pebbles  may  be  obtained  from  the  layer. 
It  was  a  noticeable  fact  that  no  facetted  or  polished  pebbles 
occurred  in  the  exposed  faces  of  the  underlying  gravel  section. 
The  geological  conditions  of  this  section  lend  support  to  the 
idea  that  facetted  pebbles  are  the  product  of  eolian  action. 
The  location  of  this  eolian  pebble  bed  out  on  the  sonthem 
margin  of  the  frontal  plain  of  the  Martha's  Vineyard  moraine 
and  on  a  surface  which  bears  no  marks  of  ice-advance  excludes, 
it  seems,  the  agency  of  strictly  glacial  causes  from  effecting 
the  shape  of  these  pebbles.  They  are  evidently  glacial  stream 
pebbles  reshaped  in  situ. 

In  the  many  instances  on  this  island  of  soil-covered  sur- 
faces which  have  evidently  undergone  exposure  to  wind-blown 
sands,  I  am  not  certain  of  the  time  of  the  action,  for  it  is  ob- 
vious that  since  the  process  is  now  going  on  in  places  so  it  may 
have  been  active  at  any  time  in  the  past,  the  process  being 
interfered  with  by  the  renewal  of  the  vegetative  coating.  Bat 
the  wide  spread  occurrence  of  buried  or  partially  inhumed 
eolian  pebbles,  with  worn  sand,  points  strongly  to  the  conclu- 
sion that  the  process  has  been  more  active  than  it  now  is. 

Providence  atlas  sheet. — On  the  surface  of  the  sand- plain  in 
East  Providence,  R.  I.,  is  a  bowlder  3  feet  in  length  and  2 
feet  high,  the  southern  face  of  which  has  been  scored,  worn 
and  polished,  evidently  by  the  long  continued  action  of  blow- 
ing sand.  The  surface  about  the  bowlder  is  now  grass-covered. 
South  of  Providence  in  Auburn,  bowlders  exhibit  traces  of 
the  same  action.  In  many  places  on  the  west  side  of  Narra- 
gansett  Bay,  the  surface  is  covered  by  blown  sand. 

Boston  atlas  sheet. — Eolian  pebbles  occur  in  the  soil  near 
Fresh  Pond  in  Cambridge.  The  pebbles  of  the  Roxbury 
conglomerate,  in  a  ledge,  in  Dorchester,  exhibit  the  peculiar 
spoon-shaped  and  polished  surface  due  to  wind-erosion.  Carved 
slates  occur  on  tne  surface  of  kames  in  the  soil  along  the 
Charles  River  in  the  vicinity  of  Mt.  Auburn  cemetery. 

Boston  Bay  atlas  sheet. — A  bowlderet  6  inches  in  diameter 
bearing  crateriform  faces  and  possessing  a  high  polish  was 
found  on  Grover's  cliff  in  Winthrop,  the  cobble  having  come 
evidently  from  the  upper  surface  of  the  drumlin. 

Narragansett  Bay  atlas  sheet. — Eolian  pebbles  occur  near 
the  head  of  a  glacial  sand-plain  half  a  mile  north  of  the  War- 
wick Neck  Station  in  Warwick,  R.  I. 

Dedham  atlas  sheet. — I  found  a  pitted  eolian  pebble  on  the 
surface  of  a  kame  at  Holbrook  station  on  the  Old  Colony  rail- 
road. 
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Mate  and  Angle  of  Wear  on  Pehhles. — The  observations 
made  by  W.  P.  Blake  early  led  to  the  use  of  the  artificial 
sand-blast  iu  the  arts.  The  conditions  under  which  erosion  ^ 
takes  place  in  the  arts  have  been  studied  experimentally 
by  Thonlet  and  are  set  forth  in  his  paper,  "  Experiences 
synthetiques  sue  I'abrasion  des  roches  par  le  sable."*  The 
results  of  these  experiments  include  observations  relating 
to  the  rate  of  wear  at  certain  angles  of  incidence  which  appear 
to  me  to  be  significant  when  compared  with  some  of  the  peb- 
bles which  I  am  about  to  describe.  '*  The  abrasion,"  states 
Thonlet,  *'  is  so  much  the  more  energetic  when  the  rock  upon 
which  it  acts  is  more  nearly  vertical  with  reference  to  the  direc- 
tion of  the  sand  which  strikes  (horizontally),  and  it  diminishes 
very  rapidly  in  intensity  directly  as  tlie  inclination  becomes 
lower  than  60  degrees."  *'  Oblique  incidence  too  (from  30° 
to  45°)f  increases  the  rapidity  of  the  cutting  effect,  probably 
because  the  issuing  particles  of  sand  are  not  met  and  their 
force  deadened  by  the  rebounding  ones.",  From  these  experi- 
ments we  should  be  led  to  expect  the  wear  on  a  nearly  vertical 
surface  of  a  pebble  to  proceed  slowly  in  nature,  to  go  forward 
more  rapidly  after  a  time  when  a  surface  had  been  worn  down 
to  a  plane  inclined  about  30°  to  the  vertical,  and  again  to  wear 
very  slowly  when  the  plane  had  been  worn  down  to  an  angle 
of  60  degrees  with  the  vertical.  The  result  of  this  varying 
rate  of  wear  would  be  that  on  a  pebble  plain  exposed  to  sand- 
blasting, the  carved  pebbles  would  soon  pass  through  the 
maximum  rate  of  cutting  and  would  remain  long  near  the 
angle  of  30°  of  inclination  to  the  horizon.  An  examination 
of  several  well-facetted  pebbles  from  Martha's  Vineyard  shows 
this  feature  in  a  marked  way.  It  is  necessary,  however,  in 
order  to  ascertain  this  mature  state  of  erosion,  to  establish  the 
soil-line  or  horizontal  plane  in  which  the  pebble,  lay  at  the 
time  of  its  carving.  This  can  frequently  be  done  with  peb- 
bles found  in  situ.  The  smaller  pebbles  by  the  erosion  of  the 
sand  and  gravel  about  their  bases  have  frequently  been  over- 
turned, and  eroded  on  all  sides.  It  is  evident  that  where 
inversion  takes  place  regularly  and  frequently  that  facets 
may  fail  to  develop  and  that  the  pebble  may  slowly  waste 
away  in  the  manner  of  those  described  by  Gilbert  on  the 
plains  of  Colorado. 

Lithological  characters  of  the  pebhles. — There  is  a  certain 
relation   between  the  sand  blown  upon   the  rocks  and  their 

*Compt  "Rend.  Acad.  Sci.,  t.  civ,  p.  381 ;  also  Annales  des  mines,  MarsAvril, 
1887,  pp.  199-224. 

f  The  experiments  conducted  by  Gen.  Tilighman  in  connection  with  his  patent 
are  described  by  Gr.  F.  Barker  in  Johnson's  New  Universal  Cyclopedia,  vol.  iv, 
pp.  62-65. 


70  J.  B,  Woodworth — Post-Glacial 

mineralogical  constitution.  Tlie  most  perfectly  symmetrical 
pebbles  are  a  variety  of  compact  quartzite,  or  even  vein  quartz. 
Finely  crystallized  granitic  rocks  also  exhibit  good  facets,  but 
the  quartz  is  apt  to  stand  out  above  the  feldspar.  Quartz-por- 
phyries, felsites  and  other  massive  rocks  exhibit  forms  related 
with  original  fragmental  contour  and  mineralogic  construction. 
Pits  are  reamed  out  where  minerals  have  decomposed,  and 
grooves  are  worn  often  regardless  of  structure  but  commonly 
along  lines  determined  by  weakness  in  the  rock.  Facets 
show  no  prevalent  relations  to  joint-planes  or  bedding;  but 
often  one  can  see  that  a  joint-face  has  been  cut  and  polished. 

The  symmetry  of  the  pebbles  gives  them  an  artificial 
appearance  in  many  instances.  The  original  symmetry  of 
rounded  water-worn  pebbles  has  been  preserved  by  the 
production  of  balanced  planes  on  opposite  sides  of  the  frag- 
ment. Pyramidal,  triangular  pebbles  are  common.  The 
smaller  pebbles  by  reason  of  the  facility  with  which  they  may 
be  undermined  and  overturned  by  the  wind,  are  more  gene- 
rally carved  on  all  sides  than  the  larger  ones. 

Nomenclature, — In  Germany  sand-blasted  pebbles  receive 
specific  names  depending  upon  the  number  of  edges  which 
are  developed  by  the  intersection  of  facettes.  The  term 
facetted-pebble  proposed  by  Walther  has  already  been  given 
in  this  country  to  a  product  of  glacial  action.^  Since  some 
of  the  sand-carved  pebbles  are  facetted,  some  grooved,  and 
others  merely  pitted,  I  would  suggest  that  "glyptolith" 
(glyptos^  carved ;  lithos^  stone)  might  be  employed,  in  the 
sense  of  a  rock  surface  carved  by  wind-blown  sand.  "  Eolite  " 
has  already  been  appropriated  for  a  rock  made  by  the  deposi- 
tion of  sand  by  seolian  action.f 

That  the  blowing  of  sand  by  wind  must  have  been  wide 
spread  in  the  interval  between  the  disappearance  of  the  last 
ice-sheet  and  the  occupation  of  the  land  by  plants,  is  shown 
by  the  fact  that  even  now  wind-blown  sand  and  sand-blasting 
is  to  be  observed  at  numerous  points  on  the  sand-plains  in  this 
district.  The  question  is  to  determine  whether  the  glyptoliths 
found  in  grass-covered  tracts  or  in  wood-lands  are  due  to  a 
phase  of  general  deflation  preceding  the  incoming  of  the 
recent  flora,  and  are,  therefore,  indicative  of  an  eolian  phase 
succeeding  the  deglaciation  of  the  district,  or  whether  they 
are  due  to  secular  wind  erosion  acting  now  and  then  as  the 
opportunity  is  offered  by  the  removal  of  the  soil  and  the  ex- 
posure of  sand  to  the  wind.  My  own  observations  have  not 
been  sufliciently  extended  to  come  to  a  definite  couclusion  in 
regard  to  this  matter,  particularly  since   in  many  places  the 

*Chamberlin:  7th  Annual  Report,  U.  S.  G.  S.,  p.  209,  1888. 
fT.  M.  Reade:  Geol.  Mag.,  dec.  ii,  vol.  ii,  pp.  587,  588. 
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f)roce8S  of  sand-carving  is  now  evidently  going  on  ;  but  I  am 
ed  by  the  distribution  of  many  of  the  pebbles  which  I  have 
collected  to  think  that  sand-blasting  was  formerly  more  preva- 
lent than  it  now  is  in  this  district. 

Relation  of  land  to  seOrleveL — It  is  obvious  that  the  carv- 
ing and  polishing  of  rock  surfaces  by  the  sand-blast  is  essen- 
tially a  subserial  phenomenon.  Although  the  sand  carried  by 
water-currents  as  in  the  case  of  the  Colorado,  shown  by  New- 
berry, furrows  and  polishes  the  rock  of  its  bed,  the  sands  of 
the  littoral  are  not  known  to  produce  the  facets  and  polish 
characteristic  of  the  typical  glyptoliths.  This  is  probably  due 
to  the  frequent  turning  and  rubbing  of  pebbles  even  where 
they  lie  in  the  zone  of  sands  driven  by  wind  along  the  beach. 
It  follows  that  where  we  have  these  eolian  pebbles  carved  at 
any  time  in  the  past,  we  have  evidence  to  show  that  at  that 
time  the  land  was  above  the  level  of  the  sea.  As  yet  the 
coast  region  of  New  England  along  which  submergence  at  the 
close  of  the  last  glacial  epoch  has  been  suspected  has  not  been 
examined  with  this  point  in  mind.*  The  evident  antiquity  of 
the  Matakeset  examples  on  Martha's  Vineyard  and  the  direct 
superposition  of  the  eolian  pebbles  on  the  wind-eroded  surface 
of  the  overwash  or  frontal  plain  indicates  that  next  after  the 
deposition  of  the  glacial  gravels  it  was  subjected  to  wind-ero- 
sion. This  evidence  indicates  that  if  the  land  there  was  sub- 
merged after  the  retreat  of  the  ice,  the  period  of  depression 
was  brief  and  is  locally  without  any  trace  of  its  geological 
effects. 

Among  the  problems  which  these  eolian  pebbles  may  be 
looked  to  for  a  solution  is  the  question  of  the  former  elevation 
of  the  continental  shelf  in  recent  geological  times.  It  is  there- 
fore of  the  utmost  importance  that  the  pebbles  and  bowlders 
occasionally  dredged  up  from  the  surface  of  the  "banks"  off 
the  New  England  coast  should  be  carefully  scrutinized  with 
the  view  of  determining  whether  or  not  they  bear  marks  of 
eolian  erosion.  If,  as  there  is  reason  to  believe,  these  banks 
were  during  late  Tertiary  or  in  the  pleistocene  period,  like 
Martha's  Vineyard  and  Nantucket  now,  above  the  sea-level, 
we  should  find  on  them  the  kind  of  evidence  which  occurs  on 
the  islands  named. 

Cambridge,  Mass. 

♦Since  this  was  written,  Prof.  W.  M.  Davis  has  presented  in  the  current  vol- 
ume of  the  Proc.  Boston  Soc.  Nat.  Hist,  a  paper  announcing  the  occurrence  of 
facetted  eoUan  pebbles  at  numerous  points  on  Cape  Cod  in  geological  situations 
showing  the  subaerial  deposition  of  at  least  a  part  of  the  glacial  gravels  of  that 
peninsula.  See  also  paper  by  the  same  author  read  at  the  December  meeting  of 
the  Geol.  Soc.  Am.,  held  in  Boston,  1893. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Production  of  Silver  hyponitrite  from  Hydroxylr 
amine, — The  fact  that  on  mixing  at  ordinary  temperatures  hydrox- 
ylamine  sulphate  and  sodium  nitrite  in  concentrated  aqaeous 
solution,  mutual  decomposition  takes  place  with  the  evolution  of 
nitrogen  monoxide,  was  first  pointed  out  by  V.  Meyer.  If  the 
solutions  be  dilute,  the  same  reaction  takes  place  on  heating; 
but  if  the  temperature  be  not  raised  the  decomposition  proceeds 
slowly  and  if  silver  nitrate  be  added  to  this  solution  a  yellow 
precipitate  of  silver  hyponitrite  is  thrown  down  which  may  be 
purified  by  dissolving  it  in  cold  dilute  nitric  acid  and  reprecipi- 
tating  with  ammonia.  W.  Wislicenus  has  shown  that  this  reac- 
tion may  readily  be  used  as  a  lecture  experiment.  For  this  pur- 
pose two  or  three  grams  of  hydroxylamine  sulphate  and  the 
equivalent  quantity  of  sodium  nitrite  are  dissolved  separately  in 
about  100^°  of  water,  the  solutions  are  mixed,  and  a  portion  is 
tested  with  silver  nitrate.  A  white  precipitate  of  mixed  silver 
sulphate  and  silver  nitrite  results.  The  rest  of  the  solution  is 
heated  rapidly  to  50"  on  the  water  bath  for  a  i^yff  moments,  the 
evolved  gas  being  shown  to  be  nitrogen  monoxide  by  means  of  a 
glowing  splinter.  On  adding  now  silver  nitrate  to  the  solution, 
a  yellow  precipitate  of  silver  hyponitrite  AggN^Og  will  be  thrown 
down.  Experiment  will  determine  the  time  of  heating  necessary 
to  secure  the  best  results. — Ber.  Berl,  Chem,  Ges,,  xxvi,  771, 
April,  1893.  G.  F.  b. 

2.  071  the  Electrolysis  of  Alkali  Salts. — From  recent  experi- 
ments by  Arrhenius,  it  appears  that  upon  electrolyzing  an  aque- 
ous solution  of  an  alkali  salt,  using  mercury  as  the  cathode,  a 
considerable  time  elapses  after  the  passage  of  the  current  before 
hydrogen  makes  its  appearance.  From  this  fact  it  would  appear 
that  hydrogen  is  not  a  primary  result  of  the  electrolysis,  but  is 
due  to  the  secondary  action  of  the  water  of  the  solution  upon  the 
alkali  amalgam  produced  primarily  by  the  discharge  of  the  posi- 
tive ion;  i.  e.  the  alkali  metal.  The  time  required  before  the  first 
bubble  of  hydrogen  appears,  increases  very  slowly  as  the  strength 
of  the  current  diminishes,  and,  when  the  current  is  maintained 
constant  at  one-twentieth  of  an  ampere,  increases  as  the  concen- 
tration increases  and  as  the  temperature  decreases.  For  equiva- 
lent solutions  of  electrolytes  having  the  same  positive  ion,  this 
lime  is  practically  constant;  but  it  is  found  to  be  much  larger  for 
potassium  salts  than  for  those  of  sodium  and  lithium.  Theory 
indicates  that  the  electromotive  force  required  for  electrolysis 
increases,  at  the  outset,  with  the  amount  of  electrolytic  products 
already  separated.  But  when  secondary  reactions  take  place, 
preventing  the  continuous  accumulation  of  these  products  if  the 
electrolysis  goes  on  very  slowly,  the  electromotive  force  required 
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for  electrolysis  is  determined  almost  solely  by  these  secondary 
reactions.  Evidently  if  the  result  of  the  secondary  actions  is  the 
same  as  it  is  in  the  case  of  alkali  salts,  the  electromotive  force 
required  for  the  decomposition  will  be  practically  the  same  also ; 
thus  confirming  the  experiments  of  Le  Blanc  and  not  requiring 
us  to  assume  the  primary  decomposition  of  the  water.  From 
Shields'  data,  showing  that  a  decinormal  solution  of  sodium 
acetate  is  hydrolyzed  to  the  extent  of  0*008  per  cent,  the  author 
calculates  that  the  electrical  conductivity  of  pure  water  at  25**  is 
0'56X10~^^;  this  conductivity  being  greatly  diminished  in  the 
presence  of  electrolysis.  A  salt  of  a  strong  acid  and  a  strong 
base  is  hydrolyzed  to  the  extent  of  1*21  XI 0~*  per  cent  in  deci- 
normal solution,  the  absolute  quantity  hydrolyzed  being  nearly 
independent  of  the  concentration.  The  author  has  also  calcu- 
lated from  the  electromotive  force  required  for  the  electrolytic 
dissociation  of  pure  water,  the  value  of  this  force  required  to 
develop  hydrogen  and  hydroxyl  ions  from  water  in  a  liquid 
already  containing  as  many  of  these  as  are  in  normal  solutions 
of  strong  acids  or  bases.  His  value  thus  found  is  0*8 1  volt,  that 
obtained  experimentally  by  Le  Blanc  being  0*76  volt. — Zeitschr, 
physikal,  Ohem,,  xi,  805,  June,  1893.  g.  f.  b. 

3.  On  the  Preparation  of  Chromiiun,  Manganese  and  Uran- 
ium in  the  Electric  Furnace, — The  electric  furnace  of  Moissan 
and  ViOLLE  consists  of  a  carbon  vessel  in  which  an  arc  from  two 
horizontal  electrodes  is  made  to  act  upon  any  substance  desired. 
This  vessel  is  a  portion  of  a  carbon  tube,  of  a  height  equal  to  its 
diameter,  standing  on  a  carbon  plate  and  covered  with  a  disk  of 
the  same  material.  The  electrodes  are  also  of  c.irbon ;  all  the 
carbon  parts  of  the  apparatus  being  prepared  from  powdered  gas 
carbon  and  tar,  no  boric  acid  being  used.  The  carbon  cylinder 
and  electrodes  are  enclosed  in  a  block  of  lime,  being  supported 
on  props  of  magnesia  and  separated  from  the  sides  of  the  block 
by  a  layer  of  air  five  millimeters  thick.  The  dimensions  of  the 
furnace  and  its  various  parts  vary  according  to  the  current  which 
is  to  be  used  and  the  temperature  desired ;  a  temperature  of 
3000°  being  obtained  without  difficulty.  If  manganous  oxide  be 
mixed  with  charcoal  and  heated  by  the  arc  given  by  a  current  of 
300  amperes  and  60  volls,  the  reduction  is  complete  in  five  or  six 
minutes;  but  twelve  to  fifteen  minutes  is  necessary  if  only  100 
amperes  and  50  volts  is  used.  If  the  carbon  be  in  excet?s,  the 
reduced  metal  contains  6*4  to  14*6  per  cent  of  this  substance,  but 
if  the  manganous  oxide  be  in  excess,  only  4  or  5  per  cent  of  car- 
bon is  contained  in  the  metal.  With  a  low  content  of  carbon, 
the  metal  is  unaltered  when  exposed  in  open  vessels;  but  when 
the  proportion  of  carbon  is  increased,  it  is  attacked  by  moist  air. 
In  water,  small  fragments  are  oxidized,  hydrogen  and  hydro- 
carbons being  evolved.  Chromium  oxide  mixed  with  carbon 
and  subjected  to  a  current  of  350  amperes  at  50  volts,  is  reduced 
in  from  8  to  10  minutes,  100  grams  of  the  metal  being  obtainable 
at  one  operation.     With  100  amperes  and  60  volts,  fifteen  min- 
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utes  are  required  for  the  reduction.  The  metal  contains  from  8*6 
to  12*85  per  cent  of  carhon ;  but  if  placed  in  fragments  in  a 
carbon  crucible  brasqued  with  chromium  oxide  and  again  sub- 
jected to  the  arc,  the  metal  is  obtained  quite  free  from  carbon. 
If  chromite  be  thus  treated  an  alloy  of  chromium  is  obtained.  K 
the  mixture  of  oxides  obtained  by  calcining  uranium  nitrate  be 
mixed  with  a  slight  excess  of  carbon,  strongly  compressed  in  a 
crucible  of  carbon,  imbedded  in  magnesia,  and  submitted  to  the 
arc  produced  by  a  current  of  450  amperes  at  60  volts,  reduction 
takes  place  at  once,  an  ingot  of  200  to  220  grams  being  obtained 
in  12  minutes.  The  metal  is  very  hard,  has  a  brilliant  fracture, 
and  contains  from  5  to  13*5  per  cent  of  carbon.  Although  its 
fusing  point  is  higher  than  that  of  platinum,  it  decomposes  water 
at  the  ordinary  temperature. —  C.  It,,  cxvi,  347,  349,  549,  Feb., 
March,  1893.  G.  f.  b. 

4.  On  the  Production  of  Sarcolactic  acid  by  the  Fermentation 
of  Inactive  Lactic  acid. — Having  obtained  a  bacterial  growth 
possessing  the  power  of  exciting  an  active  fermentation  in  solu- 
tions of  calcium  lactate,  Fkankland  and  MaoGbsgob  have 
studied  the  resulting  products.  They  find  that  by  the  inter- 
rupted bacterial  formation  of  ordinary  inactive  calcium  lactate 
a  liquid  may  be  obtained  which  shows  a  negative  rotation  in  the 
polarimeter.  From  this  liquid  they  have  extracted  the  residual 
lactic  acid  and  by  converting  it  into  the  zinc  salt  have  obtained 
by  fractional  crystallization  a  laevorotatory  zinc  lactate  proved  by 
its  chemical  composition  and  its  specific  rotation  to  be  pure  zinc 
sarcolactate.  By  converting  this  into  the  calcium  salt,  it  was 
found  to  possess  the  same  specific  rotation  as  calcium  lactate.  If 
the  fermentation  was  interrupted  too  early  a  large  quantity  of  the 
inactive  acid  remained  mixed  with  the  active  one;  while  if  too 
long  continued,  the  active  lactate  was  destroyed. — J.  Chem.  Soc, 
Ixiil,  1028,  Auc:.    1893.  G.  P.  B. 

5.  071  the  Heats  of  Combustion  of  Gaseous  Hydrocarbons. — 
Carefully  purified  gaseous  hydrocarbons  have  been  burned  by 
Berthklot  and  Matignox  in  a  calorimetrical  bomb  by  means  of 
compressed  oxygen  and  their  heats  of  combustion  in  this  way 
determined.  Preliminary  experiments  made  with  hydrogen  gave 
68'15  large  calories  at  constant  volume  and  6899  large  calories  at 
constant  pressure  ;  the  values  obtained  for  carbon  monoxide  being 
67*9  and  68*2  respectively.  This  gives  +26*1  for  the  heat  of 
formation  of  this  latter  substance.  For  the  hydrocarbons,  the 
values  obtained  were  as  follows : — 

Methane. 

Heat  of  combustion]  ^°°^J-  ^^^-  "-      --/- 

(  Coust.  press.     213-5 

Heat  of  formation 4-18-7 

Propane, 

Ilottt  o£  combustion  \  ^°°«-  ^°'-  "     ^J,^] 

I  Const,   press.     528-4 

Heat  of  formation +30  5 


Acetylene. 

Ethylent. 

Ethaoe' 



340-05 

370-9 

3157 

341-1 

372-3 

+  68-1 

-14-6 

+  23.3 
Trimethy- 

Allylene. 

Propylent. 

lene. 

472-4 

497-9 

505-6 

473-6 

499*3 

5070 

-52-6 

-9-4 

-17-1 

Ik 
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It  will  be  observed  that  the  difference  between  the  heats  of  com- 
bastion  of  two  homologous  and  contiguous  hydrocarbons  is  prac- 
tically constant,  being  about  157  Calories ;  while  the  corresponding 
difference  between  the  heats  of  formation  is  about  6*5  Calories.  In 
the  methane  series  therefore  the  heats  of  combustion  at  constant 
pressure  are  213-6  +  167'6w,  in  the  ethylene  series  341*2 +  15 7.6n 
and  in  the  acetylene  series  315*5-f  157'5n ;  the  corresponding 
beats  of  formation  being  respectively  +18*7H-5*7w,  — 14'6  +  6'5n, 
and  — 58'lH-5*5w.  When  a  member  of  the  acetylene  series  is 
converted  into  the  corresponding  define,  43*3  Calories  is  set  reef; 
and  the  conversion  of  the  olefine  into  the  paraffin  develops  39 
Calories.  The  heat  of  combustion  of  trimethylene  does  not  accord 
with  the  hypothesis  that  it  is  a  closed  chain  hydrocarbon.  The 
heat  of  formation  of  trimethylene  dichloride,  4*3  Calories,  shows 
that  the  substitution  of  CI,  for  H,  produces  a  thermal  disturbance 
similar  to  that  observed  in  the  methane  series. —  C.  i?.,  cxvi,  1333  ; 
«7I  Ghem,  SoCy  Ixiv,  ii,  444,  Oct.  1893.  g.  f.  b. 

6.  On  the  Action  of  a  Lcevolactic  Ferment  on  Dextrose, 
Rhamnose  and  Mannitol. — In  the  course  ot  observations  on  the 
nature  of  the  micro-organisms  which  attack  the  ripe  pear,  Tatb 
succeeded  in  isolating  one  which  produced  marked  Isevolactic  fer- 
mentation of  dextrose  and  mannitol.  He  has  now  studied  this 
fermentation  and  gives  the  following  conclusions:  The  organism 
which  produces  this  Isevolactic  fermentation  is  anaerobic  and  is 
characterized  by  forming  two  kinds  of  growth  upon  solid  media 
— a  white  growth  of  moist  appearance  consisting  chiefly  of  rods 
and  cocci,  and  a  tough,  tapioca-like  growth  consisting  of  ascococci. 
The  fermentations  brought  about  by  this  organism  under  aerobic 
conditions  in  solutions  of  dextrose,  mannitol  and  rhamnose  are 
fairlv  constant  in  character.  From  9  molecules  of  dextrose 
the  organism  produces  alcohol  2  molecules,  succinic  acid  1, 
Isevolactic  acid  7  to  8 ;  and  acetic  and  formic  acids  m  smaller 
and  variable  proportions.  If  the  organism  has  grown  in 
the  ascoid  form,  the  amount  of  Isevolactic  acid  is  slightly  less 
probably  from  secondary  changes.  From  9  molecules  of  man- 
nitol are  obtained  6  of  alcohol,  1  of  acetic  acid,  2  of  formic  acid  and 
12  of  Isevolactic  acid,  together  with  some  succinic  acid.  From 
9  molecules  of  rhamnose,  4  molecules  of  inactive  lactic  acid 
and  5  of  acetic  acid  are  produced,  alcohol  being  absent.  This 
cultivation  in  rhamnose  solutions,  producing  inactive  lactic 
acid,  does  not  cause  the  organism  to  use  any  of  its  activity  in 
causing  Isevolactic  fermentation  of  dextrose.  The  study  of  dex- 
trose fermentations,  in  the  opinion  of  the  author,  tends  to  indicate 
that  the  attack  of  the  organism  is  directed  simultaneously  against 
nine  or  other  multiple  number  of  molecules — that  is  against  a 
group  of  molecules — rather  than  against  single  molecules. — J, 
Chem,  aS'oc,  Ixiii,  1263,  Oct.  1893.  '  G.  f.  b. 

7.  On  Lead  Tetracetate, — It  has  long  been  known  that  red 
lead  dissolves  in  hot  glacial  acetic  acid  yielding  a  colorless  solu- 
tion which  on  cooling  deposits  crystals.     Hutchinson  and  Pol- 
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LARD  have  examined  these  crystals  with  considerable  care.  They 
were  purified  by  recrystallization  from  hot  glacial  acetic  acid  and 
were  dried  over  sulphuric  acid.  When  free  from  acetic  acid  the 
substance  is  extraordinarily  sensitive  to  the  presence  of  water, 
which  at  once  converts  it  into  lead  peroxide  and  acetic  acid. 
This  fact  was  made  use  of  to  analyze  the  substance,  the  lead  per- 
oxide being  collected  on  a  tared  filter  and  tlie  acetic  acid  titrated 
with  alkali.  The  results  leave  no  doubt  that  the  compound  is 
lead  tetracetate  Pb(C3Hj,0J^.  The  crystals  begin  to  melt  at  176* 
and  decompose  a  few  degrees  above  this.  They  dissolve  in  con- 
centrated hydrogen  chloride,  producing  lead  tetrachloride ;  as  is 
shown  by  the  fact  that  when  a  cold  saturated  solution  of  ammo- 
nium chloride  is  added,  a  characteristic  yellow  double  ammoniam 
salt  is  precipitated.  An  analogous  crystalline  tetrapropionate 
maybe  similarly  obtained. — J,  Chem.  Soc.,\x\\\y  1136,  Sept.  1893. 

O.  F.  B. 

8.  On  the  Thermochemistry  of  Chloracetic  acid, — It  has  been 
observed  by  Tanatat  that  the  unstable  modification  of  chlo- 
racetic acid  (fusing  point  52°)  changes  into  the  stable  modifica- 
tion (fusing  point  63°)  with  an  evolution  of  beat  of  0*65  calory 
per  gram-molecule.  The  heat  of  dissolution  of  the  unstable  acid 
was  found  to  be  — 2'7'7  calories,  that  of  the  stable  acid  — 3*47  cal- 
ories ;  the  difference  being  0*70  calory,  nearly  the  same  as  the  heat 
of  transformation  directly  observed.  Both  acids  show  a  normal 
molecule  in  aqueous  solution  and  a  double  molecule  in  solution  in 
benzene. — J,  JRuss.  Chem.  Soc,  xxiv,  694 ;  «/".  Chem.  Sac,  Ixiv, 
i,  624,  Nov.  1893.  G.  F.  B. 

9.  A  method  of  using  the  arc  light  for  reading  room,s  and 
libraries, — Mr.  Benjamin  A.  Dobson,  a  manufacturer  at  Bolton, 
England,  has  lately  made  experiments  in  regard  to  the  best 
method  of  lighting  his  workshops  which  are  very  suggestive  in 
regard  to  the  disposition  of  lights  in  reading  rooms  and  libraries. 
It  was  found  that  incandescent  lamps  were  not  much  superior  to 
gas  while  the  arc  lamp  threw  sharply  defined  shadows.  It  there- 
fore occurred  to  Mr.  Dobson  to  invert  the  ordinary  arc  lamp, 
so  that  the  positive  carbon  from  which  most  of  the  light  proceeds 
was  below  the  negative  carbon.  The  ligjht  which  was  thus 
thrown  upward  by  the  positive  carbon  was  received  on  a  well 
whitewashed  ceiling  and  was  thus  reflected  downward  and  the 
room  was  flooded  with  a  well  diff'used  light.  One  could  stand  in 
any  part  of  the  rooms  thus  lighted  and  read  a  book  or  paper  with- 
out being  troubled  with  shadows.  When  the  strength  of  the 
light  is  considered  the  system  is  cheaper  than  that  of  gas. — 
NaturCy  Nov.  2,  1893,  p.  18.  j.  t. 

10.  Application  of  light  waves  to  metrology, — Michelson  in  a 
preliminary  communication  states  that  two  complete  and  inde- 
pendent determinations  give  for  the  numbers  of  waves  of  red 
light  in  one  meter  of  air  at  15°  C.  and  76"^™  pressure  the  follow- 
ing: 

1st  series 1553163.6 

2d  series : 1663164.6 
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The  difference  from  the  mean  is  half  a  wave,  or  about  one-fourth 
of  a  micron.  We  can  thus  compare  two  standards  by  means  of 
light  waves  with  the  same  order  of  accuracy  that  we  can  at  pres- 
ent compare  the  meter  bars,  and  the  comparison  is  based  upon  an 
unchanf^eable  unit. — Nature^  Nov.  16,  1893.  j.  t. 

11.  Itadiation  of  heated  gases, — F.  Paschen,  by  means  of  a  bolo- 
meter, has  conducted  a  series  of  experiments  upon  the  radiation 
of  heated  air,  oxygen,  carbonic  acid  and  steam.  The  gases  were 
heated  by  passing  over  a  platinum  spiral  which  was  raised  to  in- 
candescence by  a  storage  battery.  A  heat  spectrum  was  formed 
and  wave-lengths  as  long  as  5*2/t*  were  measured.  It  was  found 
that  gases  can  emit  a  discontinuous  spectrum.  In  the  case  of 
COj,  and  steam,  there  was  a  displacement  of  the  intensity  within 
the  emission  maxima,  with  decreasing  temperatures.  No  expla- 
nation is  given  of  this  phenomenon. — Ann,  der  Physik  und 
Chemie,  No.  11,  1893,  pp.  409-443.  j.  t. 

12.  Electric  radiations  in  Copper  Filings, — At  a  meeting  of  the 
Physical  Society,  London,  Oct.  27,  Mr.  W.  B.  Craft  stated  that  if 
a  battery-galvanometer  and  tube  containing  copper  filings  were 
joined  in  series  under  ordinary  conditions  no  current  passed  ;  but 
a  current  was  immediately  produced  by  an  electric  spark,  pro- 
duced many  feet  distant  by  an  electrical  machine.  Iron  filings 
were  inferior  to  copper,  and  carbon  always  allowed  the  current 
from  the  battery  to  pass. — Nature,  Nov.  9,  1893,  p.  46.        j.  t. 

1 3.  Absorption  of  Electrical  waves. — I.  Klemencic  has  applied 
his  method  of  the  thermal  junction  to  the  question  of  the  absorp- 
tion of  the  energy  of  electrical  oscillation  on  wires  of  different 
material  and  confirms  the  results  of  Bjerknes,  J.  J.  Thomson  and 
Trowbridge  in  regard  to  the  damping  effect  of  iron.  For  wires 
made  of  iron,  german  silver,  brass  and  copper  of  6*^™  long  and 
Q.QI gem  diameter  he  finds  the  development  of  heat  can  be  ex- 
pressed relatively  as  10*5  :  I'VS  :  1  : 1.  The  observations  showed 
that  in  the  case  of  the  ramification  of  electrical  waves  of  very 
short  duration  the  factor  of  self-induction  is  more  potent  than 
that  of  resistance. — Ann,  der  Physik  and  Chemie^  No.  11,  1893, 
pp.  456-475.  J.  T. 

14.  ^  new  form  of  Contact  maker. — In  a  paper  read  before  a 
late  meeting  of  the  American  Institute  of  Electrical  Engineers, 
Messrs.  Bedell,  Miller  and  Wagner  describe  a  new  form  of  con- 
tact maker.  A  fine  jet  of  water  was  projected  upon  a  needle 
which  is  inserted  into  a  revolving  disc,  and  thus  contact  was  made 
between  a  voltmeter  and  a  circuit.  The  nozzle  of  the  water  jet 
is  carried  by  a  disc  which  is  capable  of  being  rotated  and  has  its 
edge  graduated  into  degrees.  The  voltmeter  could  thus  be  con- 
nected with  the  circuit  of  a  transformer  at  any  required  part  of  a 
cycle.  The  needle  cut  the  water  jet  before  it  broke  into  drops. 
A  little  salt  was  put  into  the  water,  for  conduction.  j.  t. 


78  Scientific  Intelligence. 


II.    Geology  and  Mineralogy. 

1.  Geological  Survey  of  Georgia,  The  Paleozoic  group. 
The  Geolopry  of  ten  counties  of  northwestern  Georgia  and 
resources ;  by  J.  W.  Spencer,  state  geologist,  pp.  406  and  one 
map,  Atlanta,  Ga.  1893. — The  Paleozoic  formations  of  northwest- 
ern Georgia  are  described  under  the  following  nomenclature,  viz  : 
Cambrian,  Oostanaula  formation;  Ordovician,  Knox  dolomite, 
Chicamauga  (including  Rockmart  slate) ;  Silurian,  Redmountain ; 
Devonian,  Chattanooga  Black  shales ;  Carboniferous,  Fort  Payne 
chert,  Floyd  shales.  Mountain  limestone  and  Coal  measures. 
Part  II  describes  the  Economic  Resources  of  the  Paleozoic  group, 
coal,  iron,  manganese,  bauxite,  kaolin  and  building  materials, 
graphite,  etc.  The  report  is  a  valuable  compendium  of  the  local 
geology  of  this  corner  of  the  state.  w. 

2.  21ie  Geology  of  Mexico, — The  following  maps  and  charts 
illustrating  the  geology  of  Mexico  have  been  published  recently 
by  XjhQComision  geologico  Mexicana^  prepared  under  the  direction 
of  Antonio  del  Costillo,  director  of  the  Escuela  n.  de  Ingenieros 
and  of  the  Comision  geologico  : — A  small  geological  map  of  the 
whole  Republic  on  the  scale  of  1:10,000,000,  entitled  Bosquejo 
de  una  Carta  geologica  de  Republic  Mexicana ;  a  map  on  a  scale 
of  1 :  2,000,000,  on  which  the  distribution  of  the  following  min- 
erals is  shown,  viz:  gold,  platinum,  mercury,  copper,  iron,  lead, 
bismuth,  zinc,  antimony,  coal,  sulphur,  kaolin,  lignite.  Carta 
los  meteritos  de  Mexico,  scale  1  :  10,000,000.  Cartes  geologi- 
cas  de  Pozos  Artesianos  abiertos  en  la  gran  Cuenca  de  Mex- 
ico. Plans  of  the  Penon  de  los  Banos,  scale  ^tjVtt*.  of  the 
mining  regions  of  S.  Antonio  and  Triumfo  in  lower  California, 
scale  0'™001  per  40™*; — of  the  iron  mines  of  Encarnacion  and  of 
S.  Jose  del  Oro,  scale  1 :  20000,  and  a  detailed  plan  of  the  geolog- 
ical and  petrographical  structure  of  the  environs  of  the  city  of 
Mexico,  scale  1 :  200,000.  In  the  same  series  appears  a  large 
engraving  of  the  geyser  in  the  vicinity  of  Puebla  described  by 
Antonio  del  Castillo. 

A  valuable  summary  of  the  present  state  of  knowledge  regard- 
ing the  geological  formations  and  their  fossils  for  Mexico  is  given 
in  Datos  para  la  Geoloyia  de  Mexico^  by  Jose  G.  Aquilera 
and  Ezequiel  Ordonez  of  the  Escuela  de  Ingenieros,  Mexico,  8vo, 
87  pp.  The  following  systems  are  recognized :  Archaean,  Permo- 
Carboniferous,  a  small  outcrop  near  the  border  of  Guatemala, 
compact  limestone  with  a  Productus  ?  semireticulatus^  and  certain 
tracts  in  the  northeastern  part  of  Mexico,  which  furnish  fossil 
Lamellibranchs,  which  may  be  Carboniferous.  Triassic,  in 
numerous  localities,  determined  to  be  upper  Triassic.  From  this 
system  in  Ros  Bronco  in  Sonora,  Dr.  Newberry  described  a  flora 
of  23  species  of  plants.  The  Jurassic  system  is  recognized  by  a 
fauna  of  37  species  distributed  among  the  Sponges,  Echinoderms, 
Vermes,     Brachiopods,     Lamellibranchiata     and     Cephalopoda. 


Geology  and  Mineralogy.  79 

Among  the  latter  are  Arietites  indicating  the  inferior  Lias  and 
JStephanoceras  indicating  a  middle  Jurassic  horizon. 

The  Cretaceous  system  is  indicated  by  a  rich  fauna  including 
species  of  lower,  middle  and  upper  Cretaceous  age.  This  fauna 
includes  3  species  of  Rhizopoda,  38  Anthozoa,  16  Echinoidea,  2 
Vermes,  95  Laniellibranchiata,  64  Gastropoda,  24  Cephalopoda, 
1  Thoracostraca,  8  Pisces,  1  Reptile,  a  total  of  242  species. 

The  Tertiary  system  is  recognized  by  67  species  of  ?  Eocene 
and  Miocene  age,  including  3  Echinodermata,  63  Lamellibranchi- 
ata  and  11  Gastropoda. 

Mippothermm  peninsulatum  Cope  and  Protohippus  Costilloi 
Cope,  are  from  the  Upper  Miocene,  and  from  the  Pliocene  and 
Quaternary  are  the  following  genera  of  vertebrates  ;  Spheroma .', 
Glyptodon^  SceUdoterium^  Rhinoceros?^  Equus^  5  species,  Plati- 
goituSj  2  species,  Palauchenia,  Aiccheniay  2  species,  JlolomeniscuSy 
Eschatius,  Bison y  AphelopSy  Mastodon^  (1  Trilophodon^  2  Tetra- 
lophodon  species),  Elephas^  2  species.  w. 

3.  Geological  Survey  of  New  Jersey.  (Ann.  Rept.  1892. 
867  pp.  8vo  and  two  folded  maps.) — This  report  includes  Pt.  I, 
Surface  Geology  by  Rollin  D.  Salisbury  ;  Pt.  II,  Preliminary 
Report  on  the  Cretaceous  and  Tertiary,  W.  B.  Clark,  with  a 
geological  map  of  portions  of  Monmouth  and  Middlesex  Counties, 
scale  1  mile  to  the  inch.  Lists  of  the  invertebrate  fossils  are  given 
for  the  Lower  Marl,  Middle  Marl,  Upper  Marl,  and  Shark  River 
Marl  beds,  and  Heilprin's  list  of  the  Neocene  fossils.  A  chapter 
is  devoted  to  discussing  the  origin  of  Greensand,  and  three  plates 
of  colored  illustrations  of  the  mode  of  formation  of  Glauconite 
grains  are  reproduced  from  the  Challenger  Report  on  Deep  Sea 
Deposits.  Part  III,  is  on  the  Water  supply  and  Water  power  by 
C.  C.  Vermeule  and  is  accompanied  by  a  map  of  the  state.  Part 
IV,  Artesian  wells  of  southern  New  Jersey  by  Lewis  Woolman. 
Y.  Notes  on  Sea  Dikes  of  the  Netherlands  and  Reclamation  of 
the  Lowlands  of  the  Netherlands  by  the  state  geologist.         w. 

4.  Elementary  Paleontology  for  geological  students  \  by 
Henry  Woods,  B.A.,  F.G.S.  pp.  222,  small  8vo,  1893.  (Cam- 
bridge University  Press,  London). — This  little  hand-book  places 
before  the  British  geologist  a  concise  account  of  the  chief  charac- 
ters of  the  hard  parts  of  invertebrates,  sufficient  for  the  recogni- 
tion and  the  classification  of  fossils  into  their  proper  class,  order  and 
sub-order,  and  for  some  of  the  more  important  genera  brief  diag- 
noses of  their  characters  are  given  and  the  geological  range  of  each. 
Except  that  the  subdivision  of  the  geological  systems  are  in  terms 
of  British  geology,  the  book  will  be  a  useful  one  to  the  Ameri- 
can geologist  who  is  chiefly  interested  in  identifying  the  age  of 
rocks  by  their  fossils. 

5.  Geology  of  Boston  Basin  ;  by  Wm.  O.  Crosby.  Yol.  i.  Part 
I,  Nantasket  and  Cohasset,  177  pp.,  8vo.  (Occasional  Papers 
Boston  Society  of  Natural  History,  IV). — This  is  a  contribution 
to  the  detailed  structural  geology  of  Eastern  Massachusetts  illus- 
trated by  maps  and  numerous  figures  and  sections.  A  chapter  is 
included  on  the  microscopic  examination  of  the  newer  eruptive 
Hocks  of  Nantasket  by  Geo.  P.  Merrill.  w. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  The  Wilder  quarter-century  Book. — A  collection  of  original 
papers  dedicated  to  Prof.  B.  G.  Wilder  at  the  close  of  his  25th 
year  of  service  in  Cornell  University  by  some  of  his  former  students 

iD.  S.  Jordan,  Mrs.  A.  B.  Comstock,  J.  H.  Corastock,  E.  R.  Corson, 
J.  O.  Howard,  Theob.  Smith,  W.  C.  Krauss,  Mrs.  S.  P.  Gage, 
)   /       H.  M.  BiggjSjJP.  C.  Branner,  Y.  A.  Moore,  G.  S.  Hopkins,  P.  A. 
Fish,  W.  R.  Dudley,  S.  H.  Gage).     8vo,  pp.  493,  1893. 

The  articles  are  original  investigations,  in  many  cases  beauti- 
fully illustrated,  in  Anatomy,  Histology,  Bacteriology,  Pathology, 
Embryology,  Botany,  and  Geology;  some  of  them  studies  of 
problems  of  Evolution.  Prof.  J.  C.  Branner  (Leland  Stanford 
University),  contributes  valuable  observations  upon  an  Erosion  in 
the  hydrographic  basin  of  the  Arkansas  River  above  Little  Rock, 
Ark.  From  observations  extending  from  Oct.  1887  to  Sept.  1888, 
it  is  estimated  that  the  amount  of  material  carried  past  Little 
Rock  by  the  river  in  one  year  is  28,299,929  tons,  not  including 
the  mud  and  sand  pushed  along  the  bottom.  At  this  rate  of 
transportation  it  is  estimated  that  the  Arkansas  River  would 
remove  an  average  of  one  foot  from  its  total  hydrographic  basin 
in  9433  years. 

Prof.  J.  H.  Comstock  (Cornell  University)  contributes  a  sugges- 
tive article  on  Evolution  and  Taxonomy,  in  which  a  minute  com- 
parison of  the  venation  of  the  wings  of  insects  is  made  the  basis 
of  their  classification  and  of  determining  their  genetic  relations 
and  evolution. 

Prof.  S.  H.  Gage  (Cornell  University)  discusses  the  habits  and 
structure  of  the  Lampreys  of  the  fresh  water  lakes  of  New  York, 
assumes  that  the  lake  Lamprey  is  a  landlocked  species  and 
recent  ofishoot  from  the  true  anadromous  sea  Lamprey.  In  order 
to  account  for  this  mode  of  origin  the  hypothesis  is  advanced 
that  the  ancestors  of  the  Cayuga  lake  Lamprey  were  spawn 
deposited  by  the  sea  Lamprey  which  ascended  the  Susquehanna 
River  at  the  geological  time  when  Cayuga  Lake  emptied  through 
it  to  the  Atlantic ;  that  they  were  landlocked  by  the  opening  of 
a  lower  exit  for. the  waters  through  the  Mohawk  and  retreat ,.Qf 
the  glacier  northward,  and  then  became  adjusted  to  completely; 
fresh  water  habitat.  ...S     /  w. 

Obituary. 

BiONYS  Stur,  the  veteran  geologist  and  paleontologist  of 
Vienna,  and  late  director  of  the  K.K.  geologische  Reischsanstalt 
of  Austria,  died  at  Vienna  October  9th,  1893. 

John  Tyndall,  the  famous  physicist,  whose  lucid  and  graceful 
style  has  made  the  reading  public  familiar  with  many  of  the 
abstruse  problems  of  modern  science,  died  at  Haslemere,  England, 
on  December  4th,  1893,  age  73  years. 


Erratum. — On  page  54,  line  14,  read  in  for  to. 
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Art.  VII. — On  the  Chemical  Composition  of  Staurolite^  and 
the  regular  arrangeme^it  of  its  Carbonaceous  Inclusions ; 
by  S.  L.  Pen  FIELD  and  J.  H.  Pratt. 

Historical. — In  the  early  analyses  of  staurolite,  especially 
those  of  Jacobson*  and  Rammelsberg,f  a  great  variation  was 
found  in  the  chemical  composition,  especially  in  the  amounts 
of  silica,  which  varied  all  the  way  from  27  to  50  per  cent. 
The  iron  oxide,  moreover,  was  regarded  by  some  investigators 
as  ferric,  by  others  as  ferrous,  while  still  others  considered 
that  it  existed  in  both  states  of  oxidation. 

In  1865  Lechartierij:  observed  that  pulverized  staurolite  from 
Brittany  and  Bolivia,  when  examined  with  the  microscope, 
showed  both  brown  and  colorless  grains.  On  treatment  with 
hydrofluoric  acid,  it  was  found  that  the  colorless  ones  dis- 
solved, while  the  staurolite  was  very  slightly  attacked.  Fur- 
thermore, material  purified  by  this  treatment  was  found  to  be 
nearly  uniform  in  specific  gravity  and  gave  amounts  of  SiO, 
varying  from  28-29  per  cent,  agreeing  with  the  purest  stauro- 
lite from  St.  Gothard.  He  also  proved  that  water  was  an 
essential  constituent  of  the  mineral. 

In  1872,  von  Lasaulx§  showed,  from  a  microscopic  examina- 
tion of  staurolite  from  various  localities,  that  all  crystals  are 
more  or  less  impure  from  mechanical  admixtures,  especially  of 

*Pogg.  Ann.,  Ixii,  p.  419,  1844  and  Ixviii,  p.  414,  1846. 
f  Pogg.  Ann.,  cxiii,  p.  599,  1861. 
J  Bull  Soc.  Cberaique,  ili,  p.  378. 
§Min.  Mittheilung,  1872,  p.  173. 
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quartz,  while  garnet,  eyanite,  magnetite  and  mica  were  also 
observed.  These  inclusions  of  quartz,  amounting  sometimes 
to  30-40  per  cent  of  the  total  weight  of  the  crystal,  account 
for  the  great  variation  of  the  silica  percentages  in  the  older 
analyses. 

In  1873  Kamraelsberg*  reexamined  the  exceptionally  pure 
staurolite  from  St.  Gothard  and  also  the  impure  material  from 
Pitkaranta  and  Brittany,  in  which  he  had  previously  found 
over  50  per  cent  of  silica.  After  purifying  these  latter  by 
treatment  with  hydrofluoric  acid,  only  from  29  to  30  per  cent 
of  silica  was  found  and  the  analyses  agreed  with  that  of  the 
St.  Gothard  mineral.  From  these  analyses  he  deduced  the 
formula  H^FegAlj^Si^Oj^,  the  iron  being  regarded  as  ferrous 
and  replaced  in  part  by  magnesia. 

In  1885  Friedlf  investigated  carefully  selected  material  from 
St.  Gothard  and  Tramnitzberg  in  Mahren,  which  by  examina- 
tion with  the  microscope  had  been  found  to  be  free  from 
foreign  inclusions.  From  the  results  of  his  analyses  he  deduced 
the  formula  H^Fe^Ala^SiuO^.  In  the  same  year  Coloranio;]:  anal- 
yzed the  St.  Gothard  staurolite,  which  had  been  carefully 
selected  and  digested  with  hydrofluoric  acid,  the  formula 
deduced  by  him  being  H^FegAlj^Si^Ogi. 

It  is  interesting  to  note  the  variations  in  the  proposed 
formulae,  each  investigator  in  turn  finding  a  smaller  amount  of 
silica  as  shown  below,  where  the  formulae  of  Rammelsberg  and 
Coloranio  have  been  doubled  for  more  ready  comparison. 

Rammelsberg H^Fe^Al^^Si^^Ogg 

Friedl H,Fe,Al,,Si„0„ 

Coloranio H^Fe,Al,,!Si,„0„ 

From  a  consideration  of  the  analyses  of  Friedl  and  Coloranio 
Groth§  concludes  that  staurolite  has  a  still  simple  formula  and 
suggests  a  basic  orthosilicate  (A10)XA10H)Fe(SiOJa. 

Selection  and  preparation  of  mater^ial  for  analysis, — In 
the  present  investigation,  material  of  exceptional  purity  was 
selected  from  the  four  following  localities :  St.  Gothard, 
Switzerland;  Windham,  Maine;  Lisbon,  New  Hampshire  and 
near  Burnsville,  North  Carolina.  The  material  from  the  first 
of  these  is  too  well  known  to  need  special  description.  Some 
crystals  from  the  Brush  collection  were  available.  At  Wind- 
ham, Maine,  it  occurs  in  crystals  measuring  up  to  25"°^  in 
diameter,  imbedded  in  mica  schist,  as  represented  by  an  excel- 
lent suite  of  specimens  in   the   Brush  collection.     This  has 

*Zei»schr.  Deiitgch.  (leol.  Gesell.,  xxv,  p.  53. 

\  Zeitschr.  Kryst.,  x,  p.  366. 

X  Buil.  8oc  Cheojique.  xliv,  p.  427. 

§  Tabellarische  Uebersicht  der  Mineralien,  1889,  p.  104. 
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never  been  previously  analyzed.  The  material  from  Sugar 
Hill  in  Liabon,  N.  H.,  was  collected  in  the  summer  of  1893  oy 
Prof,  G.  J,  BrDBh.  As  observed  by  him  extensive  ledges  of 
gray,  staurolitic  mica  schist  occur,  extending  several  miles 
north  from  Pearl  Lake,  better  known  as  Mink  Pond,  and  in- 
cluding the  ledges  on  Garnet  Hill  and  Cowen  Hill.  In  the 
ledges  on  Cowen  Hill  nnusually  large  and  fresh  crystals  are 
fonnd,  measoring  up  to  115°""  long  by  40"°  broad.  Thin  sec- 
tions of  these  crystals  revealed  the  fact  that  they  are  remark- 
ably free  from  inclusions  of  quartz  and  garnet,  which  are  so 
common  in  ataurolite,  but  they  contain  carbonaceons  material 
arranged  in  certain  definite  planes,  as  described  later.  The 
staurolite  from  near  Bnmsvitle  was  collected  by  the  writers  in 
the  summer  of  1892,  while  engaged  in  work  for  the  North 
Carolina   Geological   Survey.      It  was  found  at   and  near   a 

Erospeet  pit  on  the  property  of  Mr.  D.  M.  Hampton,  which 
ad  been  dug  in  exploiting  for  iron  ore.  The  associated  mine- 
rals are  magnetite,  menaccanite  and  corundum.  The  staurolite 
occurs  in  crystalline  aggregates,  often  intimately  associated 
with  the  iron  ores. 

In  the  preparation  of  material  for  analysis  the  carefully 
selected  crystals  were  pulverized  and  sifted  to  a  uniform  grain. 
In  the  case  of  the  North  Carolina  mineral  the  magnetite  and 
menaccanite  were  removed  by  means  of  an  electro-magnet. 
In  order  to  separate  a  powder  of  uniform  specific  gravity  the 
use  of  fused  silver  nitrate,  which  can  be  diluted  with  potassium 
nitrate  was  resorted  to,  as  recommended  by  J.  W.  Retgers.*  It 
was  found  convenient  to  nee  a  double 
walled,  cylindrical,  copper  air  bath, 
shown  in  section  in  the  accompanying 
figure.  The  outer  cylinder  a  stands  on 
legs  which  are  not  represented.  The 
inner  bath  is  supportea  by  brackets,  h, 
and  is  provided  witji  several  perforated 
discs  near  the  bottom,  which  serve  to 
disseminate  the  heat  of  the  lamp.  The 
well  A  holds  a  test  tube  containing  the 
silver  nitrate,  which  can  readily  be  kept 
in  a  state  of  fusion  and  at  a  constant 
temperature  for  any  desired  length  of 
time;  this  latter  condition  being  very 
essential  in  order  to  aveid  circulating 
currents.  The  fusing  point  of  silver 
nitrate  is  198°  C.  bat  the  temperature 
which  was  found  most  convenient  for 
work  was  about  250°  C.  The  specific  gravity  of  fused  AgNO, 
•  Jehrb.  t.  Min-,  1889,  i!,  p.  190. 
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is  about  41  which  can  be  lowered  by  addition  of  KNO,.  The 
fused  salt  is  a  clear  mobile  liquid,  through  which  the  particles 
of  mineral  move  freely,  and  separations  can  be  made  in  this  as 
accurately  as  in  any  of  the  heavy  solutions.  On  cooling,  the 
fusion  solidifies  to  a  cake  with  the  heavier  and  lighter  portions 
at  the  bottom  and  top  respectively.  The  test  tube  readily 
breaks  away  from  the  fused  mass,  the  cake  can  be  cut  in  two 
and  the  minerals  separated  by  dissolving  the  nitrates  in  water. 
The  latter  can  be  reclaimed  by  evaporating  the  solutions  to 
dryness  on  a  water  bath  and  finally  fusing.  By  eliminating 
the  heavier  and  lighter  portions  and  repeating  the  separation 
remarkably  pure  products  were  obtained,  of  nearly  uniform 
specific  gravity.  The  manipulations  are  very  simple  and  the 
results  extremely  satisfactory.  A  preliminary  experiment  that 
was  made  showed  that  staurolite  does  not  suffer  any  decompo- 
sition or  loss  in  weight  when  exposed  to  a  temperature  of 
250°  C.  The  separated  material,  when  examined  with  the 
microscope,  was  found  to  be  homogeneous  and  very  free  from 
visible  inclusions. 

Method  of  analysis, — The  silica  and  bases  were  determined 
by  well  known  methods.  The  evaporations  were  carried  on  in 
platinum,  the  purity  of  the  silica  tested  by  evaporation  with 
hydrofluoric  acid  and  account  taken  of  the  small  quantity  of 
silica  carried  along  and  weighed  with  the  sesquioxides.  Espe- 
cial pains  was  taken  in  the  determination  of  ferrous  and 
ferric  iron.  The  very  finely  pulverized  mineral  was  treated  in 
a  small  platinum  bottle  with  a  mixture  of  strong  hydrofluoric 
and  sulphuric  acids  and  boiled  vigorously  for  about  twenty 
minutes,  the  neck  of  the  bottle  being  covered  by  a  cone  of 
platinum  foil.  The  contents  of  the  bottle  were  then  diluted 
with  cold,  boiled  water,  washed  into  a  casserole  and  titrated 
with  potassium  permanganate.  Preliminary  experiments  were 
made  by  treating  known  weights  of  ferrous  sulphate  in  the 
same  manner  and  it  was  found  that  no  appreciable  oxidation 
from  the  air  took  place.  As  the  staurolite  is  very  slowly 
attacked  by  hydrofluoric  acid  only  a  portion  in  each  experi- 
ment went  into  solution.  After  titration,  the  insoluble  portion 
was  filtered  off  and  the  filtrate  evaporated  in  a  platinum  dish 
till  all  the  hydrofluoric  acid  was  expelled.  After  diluting,  the 
iron  was  reduced  by  hydrogen  sulphide,  the  excess  of  the  latter 
removed  by  boiling  and  the  total  iron  determined  by  means  of 
potassium  permanganate.  The  determinations  give  the  ratio 
of  ferrous  to  ferric  iron  in  that  portion  which  iiad  been  dis- 
solved by  the  hydrofluoric  acid,  and  the  total  iron  in  the  min- 
eral having  beep  previously  found  in  that  portion  used  for 
silica  and  bases,  the  percentages  of  ferrous  and  ferric  iron 
are  readily  calculated.     Direct  determinations  of  water  were 
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made  in  all  cases,  as  loss  by  ignition  would  naturally  give  too 
low  results,  owing  to  the  oxidation  of  the  ferrous  iron. 

Analytical  results. — The  results  of  the  analyses  are  given 
below,  together  with  the  specific  gravity  determinations  which 
were  made  very  carefully  by  means  of  the  pyconometer. 

St,  Gothardy  Switzerland, 

Specific  gravity  =  3-748. 

T.  II.  Average. 

SiO, 27-80  27-65  27-73 

Al^O, 53-23  53-35  53-29 

Fe^O, 2-83  2-83  2*83 

FeO 11-21  11-20  11-21 

MnO -63  -44  -53 

MgO 1-77  1-85  1-81 

H,0 2-19         .       2-19 

99-59 
Wi7ulham^  Maine, 

Specific  gravity  =  3*728. 

I.  II.  III.  Average. 

SiO 27-81  27-88               27-84 

Al^O,    .-._-.   54-44  64-51  54-36  54-46 

Fe^Oj 2-81  2-90  2-80  2-83 

FeO 10-52  10-85  10-44  10-60 

MnO -.        -59  -62  -56  -59 

MgO 1-83  1-87                1-85 

H„0 2-24                2-24 


100-41 


Lisbon^  New  Hampshire, 
Specific  gravity  =  3-775. 

SiO, 27-81 

Al.O, 54-09 

Fe,0,... 2-76 

FeO 12-48 

MorO _ 1-92 

H*0 _ 1-70 

100-76 

Bifrnsvilie,  North  Carolina. 
Specific  gravity  =  3*773. 

I.  II.  III.  lY. 

SiO, 27-80  27-65  2.7-59  27*77 

A1,0, 53-09  53-30         53-27 

Fe,0, 4-81  4-81  4-83  4-85 

FeO 9-70  9-68  9-74  9-79 

MnO -27  -38  -33  -36 

MgO 2-64  2  65  2-70          

H,0 1-99  1-96  


Average. 

27-70 
53-22 
4-82 
9-72 
•34 
2-66 
1-97 


100-43 
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For  a  better  comparison  of  the  above  renalts  the  averaj?e 
analyses  are  given  below,  after  reealcalating  Fe,0,  as  A1,0„ 
Mn(J  and  MgO  as  FeO  and  bringing  the  whole  to  one  hun- 
dred per  cent. 

8t.  Gotliard,  Switz.  Windham,  Me.  Lisbon,  N.  H.  BurnsviUe,  N.C. 
SiO           -iT-VO                  27-t)0                  27-44  27-47 

A1,0,..   55  04  55-75  55-16  56 "8;^ 

FeO...    1507  14-43  15*72  14-74 

H,0...      2-19  2-22  168  1-96 

100-00  100-00  100-00  100-00 

The  ratios  in  tliese  analyses  are  as  follows : 

SiOa  :  Al/),:   FeO   :  H^O 

St.  Golhard -460  :  -540  :  -209  :  -121  =  2-12  :  2-50  :  -967  :  -560 

Windliara -46()  :  -546  :  -200  :  -122  =  2-11  ;  2-50  :    915  :  -557 

Lisbon '457  :  -540  :  -218  :  -093  =  2-11  :  2-50  :  1*01  :  -430 

Jiui-nHville -458  :  -547  :  -205  :  -109  =  2*07  :  2*50  :  -934  :  -497 

The  above  ratios  approximate  closely  to  2 : 2-5 :  1 :0-5  which 
would  give  the  formula  IIAl^FeSi/),,,  in  which  the  aluminium 
is  partly  replaced  by  ferric  iron  and  the  ferrous  iron  by  mag- 
nesium and  manganese.  This  is,  moreover,  the  formula  sug- 
gested by  Groth,  and,  as  previously  stated,  may  be  written  as 
a  ])a8ic  ortho  silicate,  (A10),(Al()II)Fe(SiOJ,  or  equally  well, 
(AK))4Al(Fe()II)(Si()J,.  The  percentage  composition  re- 
quired by  the  formula  is  the  following  : 

SiO.^ 26-:52 

Al,/).^ 55-92 

FeO 15-79 

11./) 1-97 

100-00 

From  a  comparison  of  the  ratios,  or  of  the  analyses,  as  re- 
duc(;(l,  with  the  theory,  it  will  he  observed  that  the  silica  is 
rmifornily  a  trifUi  hiich,  amounting  to  something  over  one  per 
cent.  This  cannot  l)o  n^ftn-red  to  an  analytical  error,  as  the 
(liKtill(Ml  water  and  reagents  were  punj,  and  platinum  vessels 
wenj  UHcd  for  tli(Miva|)orationK.  It  was  not  derived  from  the 
agate;  mortar  in  which  tin;  nn'neral  was  ground,  for  in  the 
analysis  oT  tlu;  miiuiral  from  Lisbon  a  steel  mortar  was  used, 
tho  powder  ix^ing  afterwards  purified  by  treatment  with  hydro- 
chloric acid.  From  tlu;  careful  selection  of  nearly  pure  min- 
(»ral  to  start  with,  and  the  special  ])recaution8  that  were  taken 
to  eliminat(5  all  heavier  and  lighter  portions  by  the  specific 
gravity  separation,  it  was  not  expected  that  the  staurolite 
grains  would  still  contain  inclusions  of  quartz,  nor  were  they 
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visible  in  the  fragments,  when  examined  with  the  microscope ; 
from  the  results  of  the  analyses,  however,  it  is  evident  that 
they  were  not  wholly  eliminated.  To  test  this  point  more 
carefully,  the  following  experiments  were  made  on  some  of 
the  finely  powdered  minerals  left  over  from  the  regular 
analyses.  After  digesting  with  cold,  strong  hydrofluoric  acid 
for  twelve  hours  and  washing,  silica  determinations  were  made, 
which  are  given  below,  along  with  the  determinations  from 
the  previous  analyses. 

St.  Gothard.   Windham,  Me.     Lisbon,  N.  H. 

SiO,  after  treatment  with  HF.,  27-62  27-36  27*15 

"     from  regular  analyses 27-73  27*84  27*81 

It  will  be  observed  that  hydrofluoric  acid  has  removed  some 
silica,  but  still  the  percentages  are  higher  than  the  theory. 
We  should  infer,  therefore,  that  quartz  is  an  impurity  in  the 
mineral  and  that  it  is  present  as  very  minute  inclusions.  If, 
for  example,  the  inclusions  are  as  fine  or  finer  than  the  acicu- 
lar  crystals  of  rutile  in  quartz,  they  could  not  be  removed  by 
a  specific  gravity  separation,  nor,  being  enclosed  in  the  stauro- 
lite, would  they  be  wholly  accessible  to  the  action  of  hydro- 
fluoric acid.  That  the  formula  suggested  by  Grotli  is  correct 
is  well  established  by  our  analyses  and,  surely,  its  simplicity  is 
one  of  the  strongest  arguments  that  can  be  advanced  for  its 
acceptance. 

On  the  regular  arrangement  of  inclusions  in  staurolite 
crystals. — In  examining  orientated  thin  sections  of  crystals 
from  Lisbon,  N.  H.,  it  was  observed  that  they  all  contained 
dark  inclusions,  arranged  in  certain  definite  planes,  resembling 
the  phenomena  so  common  in  andalusite.  That  the  inclusions 
are  carbonaceous  material  was  proved  by  the  fact  that,  on 
separating  the  pulverized  mineral  by  specific  gravity,  the  dark 
portion  was  found  to  be  lighter  than  the  clear  staurolite,  and 
on  igniting  it  in  a  current  of  air,  purified  by  passing  over 
caustic  potash,  carbon  dioxide  was  abundantly  evolved.  These 
inclusions  can  only  be  clearly  seen  in  plates  ground  sufficiently 
thin  to  be  transparent  and  can  best  be  studied  in  basal  sections. 

1.  2.  3.  4. 


Figures  1  to  4  represent  the  arrangement  of  the  inclusions 
in  plates  cut  from  a  simple  prismatic  crystal  50™""  in  length  by 
ll™"'  broad  from  which  eleven  basal  sections  were  cut.  Near 
the  ends  the  impurities  are  arranged  as  in  fig.  1 ;  at  the  middle 
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the  appearance  is  that  of  a  simple  dark  cross,  fig.  4;  while 
intermediate  sections  aliow  the  rliomb  diminishing  in  size  as 
the  sections  approach  the  middle  of  the  crjstal,  figs,  2  and  3. 
A  number  of  crystals  were  cut  showing  this  same  pbenomeDa 
and  the  symmetrical  arrangement  of  the  rhomb  and  cross  was 
always  well  marked.  The  central  portions  a  and  the  outer  ones 
h,  up  to  the  very  edges  of  the  section,  are  remarkably  pure 
staurolite.  The  dark  liars  running  parallel  to  the  macro  axis 
broaden  as  they  appi-oaeh  the  onter  angle  of  the  section  and 
are  more  regular  and  lietter  defined  blian  the  brachj-diagonal 
ones.  From  a  series  of  sections,  then,  it  is  evident  that  each 
staurolite  prism  contains  two  skeleton  or  phantom  pyramids  F, 
ootlined  by  carbonaceous  material,  whose  bases  correspond  to 
the  basal  planes  of  the  staurolite  and  whose  apices  join  at  the 
center,   wiiile  from  the  acute  and  obtuse   pole  edges  of  the 


pyramids  the  incln&ions  extend  as  films  or  fins  A  and  B  to  the 
vertical  edges  of  tht  prism  fag  >,  the  numbers  at  the  side  of 
the  figuie  indicating  where  sections  should  be  cut  to  give  the 

Ehenonienaeoiiespondinsc  to  faguies  I  to  4  i espectively.  Regn- 
irly  arranged  inclusions  have  previously  been  observed  in 
staurolite*  liut  apparently  they  have  never  been  studied  from 
a  series  of  sections  from  a  single  crystal. 

In  seeking  for  an  explanation  of  these  inclusions,  it  must  be 
borne  in  mind  that  staurolite  is  a  mineral  occurring  essentially 
in  the  crystalline  schists,  which  were  probably  derived  from 
former  mud  or  clay  deposits.  The  crystals  were  formed  by 
mutiimorphic  agencies,   under  great  pressure,  in  rocks  whidi 

•(,',  T.  JnckBoTi,  Aljrer's  PhiHips  Mineralogy,  1844,  p.  112;  Dana's  M in.,  Sixth 
edition,  p.  nco ;  y.  Webber,  Proo,  Nat,  Institution  lor  the  Promotion  of  Soi.,  BnlL 
3,  p.  I'JT,  1842 ;  A.  Lncroii,  Min.  de  la  Franee,  1S93,  p.  1 1. 
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were  probably  quite  firm  and  solid  while  the  staurolite  was 
forming.  The  crystals,  therefore,  must  have  exerted  great 
force  in  crowding  away  the  surrounding  rock  material  in  order 
to  make  room  for  their  growth,  and  we  must  take  into  con- 
sideration their  inability  to  exclude  foreign  matter  under  these 
conditions,  as  well  as  their  tendency  to  take  it  up.  Large 
crystals  have  surely  resulted  from  a  growth  about  smaller  ones 
and  the  beginnings  of  the  crystals  under  consideration  were 
undoubtedly  at  the  centers,  where  the  apices  of  the  pyramids 
P,  fig.  5,  join.  In  the  development  of  a  large  crystal  from  a 
small  one  it  is  imagined  that  at  various  points  on  the  crystal 
faces  the  growth  commences.  The  addition  of  particles  or  of 
crystal  molecules  must  then  advance,  forcing  foreign  matter  to 
one  side  until  the  crystal  surfaces  are  complete.  The  particles, 
however,  which  meet  to  form  the  edges  of  the  crystals  may 
come  together  in  such  a  way  that  they  cannot  exclude  certain 
foreign  materials.  It  would,  moreover,  seem  reasonable  to 
expect  that  the  more  obtuse  the  angle  at  which  the  faces,  or 
the  crystal  molecules  forming  the  faces,  meet  to  form  an  edge, 
the  less  tendency  there  would  be  to  hold  impurities,  while  the 
more  acute  the  edge  the  greater  this  tendency  would  become. 
If  these  conclusions  are  correct,  then  inclusions  would  be 
taken  up  by  the  edges,  and  being  largely  of  carbonaceous 
material,  as  in  the  staurolite  under  consideration,  the  result 
would  be  that,  in  the  development  of  a  large  crystal  from  a 
smaller  one,  the  inner  prism  I,  fig.  6,  as  it  enlarged  to  form  II, 
III  and  ly,  would  leave  a  dark  deposit  along  the  paths  de- 
scribed by  its  advancing  edges,  corresponding  to  the  planes  A, 
B  and  P  of  fig.  5.  In  examining  many  basal  sections  it  has, 
moreover,  been  generally  observed  that  the  bars  running  par- 
allel to  the  macro-axis,  representing  the  impurities  taken  up  at 
the  acute  edges  of  the  prism,  are  the  heaviest,  those  parallel 
to  the  brachy  axis  are  the  lightest  and  in  some  sections  prac- 
tically fail,  while  the  outlines  of  the  inner  rhomb,  represent- 
ing the  impurities  taken  up  along  the  edges  of  90°  between 
prism  and  base,  are  intermediate  as  regards  the  quantity  of 
included  matter.  Also  the  inclination  of  the  phantom  pyra- 
mid P,  fig.  5,  seems  to  be  wholly  dependent  upon  the  relative 
development  of  the  prism  and  base  during  the  growth  of  the 
staurolite  crystal  and  to  be  in  no  way  connected  with  the 
length   of  the   vertical   axis   as   expressed   by  the  axial  ratio 

The  considerations  given  above  seem  suflicient  to  account 
for  the  curious  arrangements  of  the  impurities  in  the  crystals 
under  consideration  and  doubtless  by  a  similar  explanation  the 
impurities  in  some  andalusite  crystals  could  be  accounted  for. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  November,  1893. 
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Art.    VIII.  —  The    Carboniferous    Insects  of    Commentry^ 

France;  by  Samuel  H.  Scudder. 

Although  only  a  very  few  fossils  have  yet  been  fully  de- 
scribed or  figured  from  Com  men  try  it  has  been  known  for 
some  years  that  it  is  the  richest  locality  for  paleozoic  insects 
yet  discovered.  Commentry  lies  in  central  France,  in  the 
Department  of  Allier  and  the  horizon  is  Upper  Carboniferous. 
Mining  is  there  carried  on  in  the  open  air  and  this  offers  the 
best  possible  opportunity  for  recognizing  and  preserving  the 
fossils. 

Besides  some  brief  notices  of  the  richness  of  the  insect 
fauna  at  Commentry  and  the  description  of  some  highly  re- 
markable forms,  M.  Charles  Brongniart  of  the  Paris  Museum, 
to  whose  hands  all  the  material  has  been  entrusted,  published 
a  few  years  ago  a  summary  notice  of  the  entire  collection, 
which,  without  entering  into  details,  indicated  at  once  the 
astonishing  variety  and  abundance  of  forms  at  this  locality. 

Within  the  last  two  or  three  days  I  have  had  the  opportun- 
ity through  the  kindness  of  M.  Brongniart  of  seeing  not  only 
a  considerable  part  of  this  collection  but  also  the  illustrations 
prepared  by  M.  Brongniart  himself  from  the  choicest  speci- 
mens ;  illustrations  made  with  a  care  and  exactitude  wnich 
leave  nothing  to  be  desired,  and  which  are  now  nearly  com- 
pleted after  a  labor  of  ten  years,  so  that  we  may  hope  soon  to 
be  favored  with  his  final  \vork.  Leaving  the  cockroaches  out 
of  account,  to  which  M.  Brongniart  will  give  his  attention 
later,  the  number  of  these  illustrations,  their  variety,  the 
extraordinarv  character  of  the  insects  themselves  and  their 
rare  perfection,  leave  not  the  least  room  for  doubt  that  when 
his  work  appears,  our  knowledge  of  paleozoic  insects  will  have 
been  increased  three-  or  fourfold  at  a  single  stroke  and  an 
entirely  new  point  of  departure  for  the  future  opened.  No 
former  contribution  in  this  field  can  in  any  way  compare  with 
it,  nor  even  all  former  contributions  taken  together.  Besides 
it  will  offer  such  a  striking  series  of  strange  forms  as  cannot 
fail  to  awaken  the  attention  of  the  least  incurious.  One  may 
not  enter  into  details,  but  mention  may  simply  be  made  of  one 
species,  regarded  by  M.  Brongniart  as  one  of  the  forerunners 
of  the  dragon  flies,  in  which  the  wings  have  an  expanse  of  con- 
siderably more  than  two  feet  (or  about  70  centimeters)  and  of 
which  several  specimens  are  preserved.  It  is  a  veritable  giant 
among  insects. 

Paris,  Dec.  2,  1893. 
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Art.   IX. — On  the  CcBsium-Cupric  Chlorides ;    by  H.  L. 

Wells  and  L.  C.  Dupee. 

As  a  continuation  of  the  work  done  in  this  laboratory  on 
double  halogen  salts,  we  have  taken  up  the  csesium-cupric 
chlorides,  which  had  never  been  thoroughly  investigated.  The 
result  has  been  the  discovery  of  four  double  salts  belonging  to 
three  different  types.  The  beauty  of  the  crystals  in  size  and 
form,  and  the  magnificent  and  unexpected  colors  of  some  of 
them  have  made  the  investigation  a  very  interesting  one.  The 
colors  of  the  anhydrous  salts,  yellow  and  red,  were  perhaps  not 
very  remarkable  since  anhydrous  cupric  chloride  is  reddish 
brown,  but  since  water  of  crystallization  is  supposed  to  give  green 
and  blue  colors  to  cupric  salts,  we  were  considerably  surprised 
to  find  that  a  brown  salt,  Cs,Cu,OIt  .  2H3O,  was  hydrous.  The 
color  of  this  hydrous  salt  is,  however,  not  without  analogy, 
for  a  garnet-red,  hydrous  lithium  cupric  chloride  is  known, 
LiCuCl, .  2iH,0  according  to  Chassevant,*  or  LiCuCl, .  2H,0 
according  to  Meyerhoffer  ;f  moreover  Engel  has  described:]:  a 

f,met-red  compound  HCuCl, .  BH^O,  and  Sabatier's  red  salt 
jCuCl^ .  5H,0,§  is  similarly  exceptional  in  color. 

In  this  connection,  it  should  be  noticed  that  cupric  chloride, 
when  dissolved  in  water  with  an  excess  of  caesium  chloride 
gives  a  bright  yellow  solution  when  it  is  hot  and  concentrated. 
It  is  well  known  that  solutions  of  cupric  chloride  in  concen- 
trated hydrochloric  acid  have  the  same  yellow  color. 

A  list  of  the  formulae  of  the  salts  to  be  described,  with  their 
colors,  is  given  below.  The  first  salt  has  already  been  de- 
scribed by  Godeffroy. 


Cs^CnCI,  Brilliant  yellow. 

Cs^CuCl, .  2H^0  Bluish  green. 

C83Cu,C], .  2H,0  Brown. 

CsCuCl  •  Garnet-red. 


3 


The  previously  described  cupric  double  halides  containing 
alkali-metals  and  ammonium  belong  to  two  of  the  types  which 
we  have  found  in  investigating  the  csesium-cupric  chlorides. 
A  list  of  all  those  that  we  have  been  able  to  find  is  given 
below.  Four  of  the  double  fluorides  have  been  recently 
described  by  von  Helmont.^f 

*Compt.  Rend.,  cxiii,  646.  f  Monatshefte,  xiii,  716. 

tCompt.  Rend,,  cvi,  27H.  §  Compt.  Rend.,  cvi,  1724. 

Berichte,  viii,  9.  ^TZeitsclir.  Anorgaa.  Chem.,  iii,  115. 
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2 :  1  Type.  1 :  I  Type. 

(NHJ^CuCl, .  21I„0  NH^CuCl, .  2H,0 

K,CuCl,.2H,0    '  NHCuF,.2iHO 

K.CuF,  KCuF, 

(NHJ^CuF, .  2H.p  KbCnF3 

LiCuCl3.2Hp 

It  is  to  be  noticed  that  this  list  contains  salts  which  corre- 
spond exactly  to  three  of  the  caesium  compounds,  and  that  the 
group  of  2  : 1  salts  with  two  molecules  of  water  is  a  conspicu- 
ous one. 

The  salt  CSgCiiaCl, .  2HaO  is  an  interesting  one  because  it  is 
apparently  the  only  known  double  lialide  of  an  alkali  metal 
with  a  bivalent  metal,  which  has  the  3 : 2  ratio. 

The  caesium  salts  were  investigated  systematically  by  start- 
ing with  a  solution  of  50  g.  of  caesium  chloride  and  adding  to 
this  from  3  to  5  g.  of  ciipric  chloride  at  a  time,  evaporating 
after  each  addition  and  observing  the  products.  At  the  same 
time  another  series  of  experiments  was  made  by  beginning 
with  a  solution  of  50  g.  of  cupric  chloride,  adding  csesinm 
chloride  to  this  gradually  and  operating  in  the  same  manner 
as  in  the  other  case.  Many  additional  experiments  were  made, 
sometimes  with  the  use  of  as  much  as  200  g.  of  caesium  chlo- 
ride, and  a  number  of  crystallizations  were  made  in  the  pres- 
ence of  hydrochloric  acid  of  various  strengths.  ■  It  is  believed 
that  no  double  salt  capable  of  existence  either  in  warm  solu- 
tions or  at  ordinary  temperatures  has  been  overlooked. 

The  salts  were  so  well  crystallized  and  so  distinct  in  form 
and  color  that  there  was  no  difficulty  in  selecting  pure  products 
for  analysis.  The  usual  precautions,  often  mentioned  in  com- 
munications from  this  laboratory,  were  taken  for  the  removal 
of  mother-liquor  from  the  crystals. 

In  analyzing  the  salts  copper  and  caesium  were  determined 
in  one  portion,  the  first  as  subsulphide,  the  other  as  normal 
sulphate.  The  chlorine  was  determined  in  separate  portions, 
by  the  usual  gravimetric  method. 

Anhydrous  2 : 1  Cysmm- Cupric  Chloride^  Cs^CuCl^: — This 
salt,  which  Godeilroy  first  described,  forms  magnificent,  yel- 
low, orthorhombic  prisms,  which  were  often  obtained  sev- 
eral centimeters  in  length  and  several  millimeters  in  thick- 
ness. The  crystals  are  usually  attached  at  one  end,  and 
they  often  arrange  themselves  in  parallel  position,  forming 
flat  clusters.  Doubly  terminated,  short  crystals  were  occa- 
sionally observed.  Its  formation  was  observed,  with  50  g. 
of  caesium  chloride,  in  the  presence  of  from  5  to  about  25  g. 
of  cupric  chloride.  It  can  be  recrystallized  from  water  if  the 
solution  is  made  so  concentrated  that  crystals  form  on  cooling, 
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but  with  more  dilute  solutions  one  or  both  of  the  hydrous  salts 
are  usually  deposited  on  standing  or  on  spontaneous  evapora- 
tion. The  following  analyses  represent  different  crops  made 
under  considerable  differences  of  conditions : 


Calculated  for 

Found. 

CsaCuCU. 

Cs.... 

56-33 

56-14 

56-18 

56-42 

Cu.... 

13-52 

13-45 

13-47 

13-48 

13-46 

CI  .... 

30-07 

29-99 

30-04 

30-03 

30-12 

99-77       99-65        99-69  100-00 

Hydrous  2:1  CoBs^ium-Cupric  Chloride^  Cs^CuCl^.^HJJ : 
— This  salt  is  bluish  green  in  color,  and  it  loses  its  water  very 
rapidly  on  exposure  to  the  air  with  a  change  of  color  to  bright 
yellow.  It  is  a  well  crystallized,  transparent  salt,  but  its  form 
was  not  made  out  on  account  of  its  instability.  It  is  difficult 
to  prepare  it,  at  least  at  summer  temperatures  under  which  this 
investigation  has  been  made,  and  we  have  only  occasionally 
observed  it.  It  is  formed  by  allowing  solutions  containing 
nearly  the  required  proportions  of  caesium  and  copper  chlorides 
to  evaporate  spontaneously.  A  sample  quickly  pressed  on 
paper  gave  the  following  analysis : 

Calculated  for 
Found.  C82CUCI4.2H2O 

Caesium 51*28  52-40 

Copper __          12'53  12-50 

Chlorine _..  28*00 

Water 7*20  7-10 

Another  sample,  which  had  been  exposed  to  the  air  too  long, 
gave  6*02  per  cent  of  water,  and  the  dehydrated  compound 
gave  the  following  analysis : 

Found.  Calculated. 

CaBsium 56*09  56*42 

Copper 13-68  13-46 

S :  2  CoBsium- Cupric  Chloride^  Cs^ C\ Cl^  .211^0:  —  This 
compound  was  obtained  from  solutions  of  nearly  the  required 
proportions  of  caesium  and  cupric  chlorides.  It  usually  forms 
only  at  ordinary  temperatures,  and  if  the  solution  is  too  con- 
centrated, one  or  both  of  the  anhydrous  salts,  will  be  deposited 
while  it  is  warm.  The  salt  forms  triclinic  crystals,  often  one 
or  two  centimeters  in  diameter.  The  large  crystals  are  deep 
brown  in  color,  small  ones  and  fragments  are  very  much  paler 
while  the  powder  is  yellow.  It  is  nearly  stable  at  ordinary 
temperatures,  but  gradually  loses  its  luster  on  long  exposure. 
All  the  water  goes  off  readily  at  100°.  The  following  analyses 
of  separate  crops  were  made : 


94         WeU^  and  Walden — Ccesium-Oujpric  Bromides. 


Csesiura 

Copper 15-68 

Chlorine 30-84 

Water 4*22 


Calculated  for 

Found. 

GssGuaClT .  2H,0. 

49-36 

48-96 

49.23 

15-90 

15-74 

15-67 

29-90 

30-69 

30-66 

4-38 

4-41 

4-44 

99-54 

99-80 

100-00 

1:1  CcBsium-CupinG  Chlm'ide^  CsCuCl^: — This  is  formed 
under  wide  variations  of  conditions,  up  to  the  point  where  the 
solution  is  saturated  with  cupric  chloride.  It  can  be  recrystal- 
lized  from  water.  It  forms  slender  hexagonal  prisms  termi- 
nated by  pyramids.  The  color  is  a  deep  garnet-red,  and  all 
except  very  slender  crystals  appear  black  by  reflected  light. 
The  following  analyses  of  separate  products  were  made  : 


• 

Calculated  for 

Found. 

CsCuCl,. 

Csesinm 

43-67 

43-58 

43-89 

Copper 

21-16 

21-17 

21-06 

20-96 

Chlorine   .. 

35-25 

35-22 

35-00 

35-16 

10008  99-64  100-00 

Sheffield  Scientific  School,  September,  1893. 


Art.  X. — On  the   Ccesium- Cupric  Bromides ;  by  H.  L. 

Wells  and  P.  T.  Walden. 

We  have  made  a  systematic  investigation  of  the  caesium- 
cupric  bromides,  following  the  plan,  described  in  the  preced- 
ing article,  which  was  used  for  the  corresponding  chlorides. 
Although  the  work  has  been  very  thorough,  we  have  found 
only  the  following  two  salts : 

Cs.CuBr^  and  CsCuBr3. 

These  salts  correspond  to  the  two  common  types  of  cupric 
double  halides.  .  The  fact  that  no  hydrous  salts  could  be 
obtained  was  unexpected,  because  it  has  been  pointed  out  by 
Remsen^  in  the  case  of  certain  double  halides,  and  it  has  been 
observed  by  one  of  us  in  the  case  of  the  alkaline-lead  halidee^f 
that  the  tendency  to  combine  with  water  seems  to  increase 
with  the  atomic  weight  of  the  halogen.     The  fact  that  hydrooB 

*  Am.  Chem.  Jour.,  xiv,  88.  f  This  Journal,  xlvi,  3T. 
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double  chlorides  of  csesium  and  copper  exist,  while  no  corre- 
sponding bromides  were  obtained  indicates  that  the  rule  does 
not  apply  in  all  cases. 

2:1  Caesium  Cupric  Bromide^  Cs^CuBr^ : — This  compound 
forms  opaque,  black  crystals  having  a  greenish  tint.  The 
powder  is  black.  In  form  and  habit  it  resembles  the  correspond- 
ing chloride  and  is  evidently  orthorhombic  like  that  salt. 
Elongated  prisms,  usually  not  over  5  to  10"°*  in  length,  com- 
monly occurring  in  groups  in  parallel  position,  were  observed 
where  an  excess  of  caesium  bromide  was  used.  When  the  pro- 
portion of  cnpric  bromide  was  increased,  small  short  crystals 
made  their  appearance. 

With  50  g  of  csesium  bromide  the  compound  is  formed  in 
the  prescDce  of  from  5  to  about  70^  of  cupric  bromide. 
The  range  of  conditions  under  which  it  is  formed  are  consider- 
ably wider  than  in  the  case  of  the  corresponding  chloride. 

Of  the  analyses  given  below,  A,  B,  C,  D  and  E  represent  a 
series  of  preparations  in  which  copper  bromide  was  gradually 
increased  from  5*^  in  A  to  46^  in  E,  while  the  caesium  bro- 
mide remained  constant  at  about  60^  and  the  volume  increased 
from  100"  in  A,  to  150"  in  E.  The  sample  F  was  obtained 
by  recrystallizing  the  salt  from  water,  while  G  resulted  from 
recrystallizing  CsCuBr,. 


Cs. 

Cu. 

Br. 

A 

40*80 

9-46 

49-38  = 

99-64 

B  

•  •  •  • 

9-68 

.   •*    .  - 

C 

40-75 

9-74 

48-97  = 

99-46 

D 

40-88 

9-69 

48-95  = 

99-52 

E 

«.»•«• 

9-78 

49-40 

F .... 

41-11 

9-66 

•  »   •  « 

G 

—  «  9  « 

10-00 

»  w  «  •> 

Calculated       ) 
forCs^CuBr,  f 

40-96 

977 

49-27  = 

100-00 

1:1  Ccesiurrt'Cupric  Bromide^  CsCuBr^, — This  salt  forms 
short,  hexagonal  crystals  which  are  strung  together  end  to  end. 
They  are  dark  and  opaque,  giviug  a  bronze-colored  reflection, 
while  their  powder  is  nearly  black.  When  recrystallized  from 
water  the  compound  gives  the  2  : 1  salt,  thus  differing  from  the 
chloride.  It  was  obtained  from  a  solution  containing  50^  of 
<;8e8ium  bromide  and  70^  of  copper  bromide  with  sufficient 
water  to  form  a  volume  of  200^°,  and  it  continued  to  be  pro- 
duced as  cupric  bromide  was  added  until  the  solution  became 
saturated  with  that  compound. 

The  following  analyses  were  made  of  separate  preparations 
which  were  obtained  under  wide  variations  of  conditions. 
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\ 


, 

Calculated 

Fouod. 

for  CsCuBrj. 

Cs.... 

29-93 

29-09 



30-43 

30-48 

Cu._.. 

14-72 

15-09 

14-73 

'    14-81 

14-53 

Br  .... 

55-09 

54-90 

.... 

64-96 

54.99 

99-74 

99-14 

100-20 

100-00 

Sheffield  Scientific  School, 

September,  1893 

• 

Art.    XI. — On    the   Cieskim-Cujyrous  Chlorides ;    by  H.  L 

Wells. 

The  salts  to  be  described  were  prepared  by  heating  solutions 
containing  caesium  chloride  and  cupric  chloride  with  copper 
wire,  and  sufficient  hydrochloric  acid  to  prevent  the  formatioD 
of  basic  salts ;  then,  after  the  copper  in  solution  was  chiefly  in 
the  form  of  cuprous  chloride,  cooling  to  crystallization. 

When  the  solutions  were  dilute,  caesium  chloride  being  in 
in  excess,  very  slender  white  prisms  were  obtained  under  wide 
variations  of  conditions.  The  crystals  became  yellowish  while 
being  dried  with  paper,  but  they  were  apparently  nearly  stable 
in  the  air  when  dry.  It  was  found  that  the  salt  was  decom- 
posed by  water.     Two  different  products  were  analyzed. 

Calculated  for 
Found.  CsCl .  CuaCU. 

Caesium 36-93         36*36  36.29 

Copper 34-33         34*17  34-64 

Chlorine 28-95         28*87  29-07 

The  results  show  that  the  formula  CsCUjClj  belongs  to  this 
salt. 

On  using  more  concentrated  solutions,  also  with  an  extiess  of 
caesium  chloride,  thin,  rectangular,  colorless  plates  were  pro- 
duced, sometimes  10  or  20"""'  in  diameter.  The  range  of  con- 
ditions under  which  this  salt  is  produced  is  wide,  and  large 
crops  of  it  are  easily  prepared.  As  the  concentration  of  the 
caesium  chloride  solutions  was  increased  the  same  compound 
appeared  in  the  form  of  blade-like  crystals  with  pointed  ends. 
By  dissolving  this  salt  in  water  the  previously  described  com- 
pound is  produced  by  crystallization.  The  surface  of  the 
crystals  becomes  yellow  on  drying,  but  when  dry  it  appears  to 
be  very  stable.  The  first  two  analyses  represent  separate 
crops  of  the  rectangular  plates,  the  third  a  crop  of  the  blade- 
like crystals. 
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Found.  Calculated  for 

I.  II.  III.  3C8C1 .  CuaCla. 

Caesium 56-81  56-66        *56-84  56-72 

Copper .\        17-95         17*99         17-84  18*05 

Chlorine 25-03         25*08         25-13  25*23 

It  is  evident  that  this  salt  has  the  formula  Cs.CujClg. 

With  nearly  or  quite  saturated  caesium  chloride  solutions 
containing  comparatively  little  cuprous  chloride,  prismatic 
crystals  are  formed  on  cooling.  The  crystals  are  very  pale 
yellow  in  color  and  their  luster  is  less  brilliant  than  that  of  the 
preceding  compound.  Crystals  having  a  diameter  of  two  or 
three  millimeters  and  a  length  of  several  centimeters  were 
sometimes  observed.  This  salt  forms  under  very  narrow  limits 
of  conditions  and  it  is  very  difficult  to  obtain  it  free  from  the 
preceding  salt,  and  especially  from  caesium  chloride  which 
usually  crystallizes  with  it  when  the  conditions  are  right  for 
its  formation.  After  a  great  many  trials  three  crops  which 
were  satisfactory  were  obtained  for  analysis.  The  third  anal- 
ysis represents  crystals  which  were  picked  out  of  a  solution 
one  at  a  time  and  separately  pressed  between  smooth  filter- 
papers.  All  the  preparations  were  carefully  examined  under 
the  microscope  and  were  evidently  pure. 

Calculated  for 
Found.  6CsCl .  CuaCla .  2HaO. 

Caesium 64-77  65-07  64*09  64-10 

Copper 9-38  9-42  10*04  10  20 

Chlorine 22-70  22-83  ...  22-81 

Water  (difference)  3-15  '/-69  3-14  2-89 

The  analyses  show  that  the  salt  has  the  formula  CsjCu 
C1,.H,0. 

The  previously  described  cuprous  double  halogen  salts,  with 
the  new  caesium  salts  for  comparison,  are  given  below : 

Caesium  Salts.  Previous  Salts. 

CsCl .  Cu^Cl,  4NH,C1 .  3Cu,Cl, 

3CsCI .  Cu^Cl,  2NH,1 .  Cu  J, .  H,0 

eCsCl .  Ca^Cl, .  2H,0  4KC1 .  Cu^Cl, 

4NH,Cl .  Cu^Cl, 

It  is  remarkable  that  there  is  no  correspondence  in  type  be- 
tween the  caesium  compounds  and  the  others,  and  that  such  a 
variety  of  types  appears  to  exist.  The  formula  4NH^C1 . 
3Cu,Cl,  may  be  considered  somewhat  doubtful  on  account  of 
its  complex  ratio,  and  because  with  one-fourth  less  ammonium 
chloride  it  would  correspond  to  the  first  caesium  salt. 

The  salt  Cs.CUjClg  is  noticeable  on  account  of  its  rather  com- 
plex formula  and  because  it  has  the  same  ratio  of  caesium  to 
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copper  as  the  previously  described  cupric  salt  CsjCUjOl^ .  2B[,0. 
Since  the  latter  has  a  ratio  that  is  unique  among  the  bivalent 
metal  double  halosjen  salts,  a  close  structural  relation  between 
the  two  compounds  is  suggested. 

These  caesium-cuprous  chlorides  show  a  decided  lack  of  con- 
formity with  Remsen's  law*  concerning  the  composition  of 
double  halides.  Two  out  of  three  of  them  fail  to  correspond 
to  the  law,  while  one  of  these,  instead  of  not  containing  more 
than  one  CsCl  for  one  CuCl,  actually  contains  three  times  as 
much  caesium  chloride  as  Remsen's  law  allows. 

My  thanks  are  due  to  Mr.  L.  C.  Dupee,  who  prepared  and 
analyzed  one  sample  of  the  salt  CsCUgClj 

ShefiBeld  Scientific  School, 
New  Haven,  Conn.,  September,  1893. 


Art.    XII. —  The   Harrisburcj   Terraces;   by   Harvey  B. 

Bashore,  West  Fairview,  Pa. 

In  1889  I  began  a  study  of  the  gravel  deposits  at  Harris- 
burg,  Pa. ;  at  the  suggestion  of  Prof.  G.  F.  Wright,  I  made, 
special  effort  to  discover,  if  possible,  some  facts  which  might 
be  of  value  in  settling  the  much-debated  question  as  to  the 
origin  of  the  deposits  in  this  valley ;  and  I  shall,  in  this  paper, 
confine  myself  to  the  statement  of  facts  only,  leaving  all  theo- 
rizing to  others. 

The  river  at  this  point  flows  between  high  slate  hills,  the 
distance  between  which  is  generally  one  mile  but  in  the  neigh- 
borhood of  Harrisburg  the  interval  is  increased  to  a  mile  and 
a  half,  and  this  additional  one-half  mile,  on  the  eastern  side 
has  been  filled  by  successive  deposits  of  gravel  and  clay,  form- 
ing the  plane  for  the  building  of  the  city  of  Harrisburg. 

The  deposit,  which  is  about  one-half  a  mile  wide  and  be- 
tween two  and  three  miles  long,  consists  of  four  terraces,  dif- 
fering somewhat  in  their  characteristics :  it  is  necessary,  there- 
fore, to  describe  each  separately.  The  first  and  lowest  terrace 
is  about  28  feet  above  low  water  (river  290  A.  T.) :  it  is  com- 
posed of  a  fine  brick-making  clay  and  contains  many  bowlders 
of  large  size  (4-5  feet  in  diameter),  mostly  of  local  origin, 
composed  of  sandstone  and  conglomerate  from  the  mountains 
beyond ;  this  deposit  is  distinctly  marked  on  both  sides  of  the 
river  and  forms  the  gradient  for  the  public  highways  :  in  most 
cases,  too,  it  is  the  bed  of  the  railways  up  and  down  the  river. 

*Am.  Chem.  Jour.,  xi,  296;  xiv,  85. 
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The  second  terrace,  46  feet  above  the  river,  is  not  very 
plainly  marked  :  one  of  the  city  streets  however  was  originally 
graded  from  its  level.  The  bed  is  composed  of  g:ravel,  some 
granite  and  gneiss,*  and  contains  large  and  small  bowlders  all 
rounded,  and  is  capped  by  two  or  three  feet  of  line  loam. 

The  third  terrace,  90  feet  above  the  river  forms  the  plane 
for  two  of  the  city  streets  (Fifth  and  Sixth).  This  deposit, 
which  gives  a  good  perpendicular  exposure  of  15  feet,  is  com- 
posed of  fine  gravel  and  contains  some  granite  and  gneiss ;  a 
few  rounded  bowlders,  two  to  three  feet  m  diameter  appear  in 
it  and  the  whole  deposit  is  capped  by  four  or  five  feet  of  fine 
clay  :  almost  all  the  bowlders  occur  in  the  gravel. 

The  three  terraces  just  described  are  placed  in  the  interval 
between  the  river  and  the  hill,  but  the  highest  or  fourth  terrace 
is  situated  on  the  brow  of  the  hill  itself. 

The  fourth  terrace,  130  feet  above  the  river — 420  A.  T. — is 
well  exposed  by  the  cutting  of  several  streets  and  shows  the 
gravels  resting  upon  the  slate.  The  deposit  is  about  20  feet 
thick  and  is  capped  by  fine  brick  clay.  The  gravel  bed,  espe- 
cially at  its  upper  part,  presents  a  peculiar  white  appearance 
compared  to  the  overlying  clay — the  line  of  junction  between 
the  gravel  and  clay  being  very  distinctly  marked.  The  gravel 
contains  considerable  quartz,  some  granite  and  gneiss  pebbles, 
but  none  were  found  more  than  two  or  three  inches  in  diam- 
eter ;  some  rounded  bowlders,  two  to  three  feet  in  diameter 
occur  in  the  deposit,  mostly  in  the  gravel,  although  several 
were  found  in  the  clay.  Above  this  joint,  420  A.  T.,  on  the 
eastern  side  of  the  river  there  was  not  found  any  further  evi- 
dence of  water  action  although  careful  search  was  made  over 
the  adjoining  hills  :  on  the  western  side,  however,  as  I  stated 
in  a  former  report  to  the  State  Geologist  of  Pennsylvania,  1 
found,  on  a  slate  hill  at  14S  feet  above  the  river,  a  number  of 
small  rounded  pebbles,  one  of  which  was  of  gneiss ;  it  is  possi- 
ble, however,  that  their  transportation  was  due  to  human 
agency.  I  may  add  that  the  mountains  both  north  and  south 
of  the  city  were  carefully  searched  for  "  shore-lines  "  but  the 
result  was  negative  in  every  instance. 

West  Fairview,  Pa.,  Nov.  1,  1893. 

*  G-ranite  and  gneiss  do  not  occur  in  the  Susquehanna  Valley  above  this  point 
except  as  transported  rock  from  regions  farther  north. 
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Art.  XIII. — Additional  Species  of  Pleistocene  Fossils  from 
Winthrop^  Mass. ;  by  Eichard  E.  Dodge. 

Any  note  concerning  the  discovery  of  additional  species  of 
shells  in  the  drift  of  the  last  Glacial  period  is  interesting 
because  we  thus  obtain  a  fuller  conception  of  the  richness  ana 
distribution  of  the  oceanic  fauna  previous  to  the  advent  of  the 
ice  sheet.  For  that  reason,  I  venture  to  note  here  the  finding 
of  a  few  additional  species  in  the  drumlin  in  Boston  Harbor, 
locally  known  as  Winthrop  Great  Head.  This  drumlin  is  the 
most  important  of  several  in  Boston  Harbor  that  have  furn- 
ished fragments  of  shells,  from  time  to  time,  for  of  the  twenty- 
six  species  thus  far  found,  it  has  given  us  twenty-three,  and 
the  others  together  but  three.  Furthermore  only  three  of  the 
species  found  in  this  locality  have  been  found  in  the  other 
drumlins  of  the  harbor. 

The  first  note  of  the  finding  of  fragments  of  shells,  in  more 
or  less  perfect  condition,  in  the  clayey  till  of  Winthrop  Great 
Head  was  made  by  Dr.  Stimpson,^  who  reported  the  follow- 
ing species  :  Balanus  crenatiis  Brugiere,  Chrysodomus  decemr 
Gostatus  Say,  Tritia  trivitatta  Adams,  Urosalpinx  cinerea 
Stimpson,  Mya  arenarla  Linne,  EnsateUa  amertcana  Verrill, 
Mactra  solidissima  Chemnitz,  Venus  mercenai^a  Linn6,  Cy- 
clocardia  horealis  Conrad,  Astarte  undata  Gould,  Astarte 
castanea  Say,  Mytilis  edulis  Linne,  Modiola  modiolus  Turton, 
Ostrea  virginia7ia  Lister.  In  1888  Mr.  W.  W.  Dodgef  re- 
ported the  finding  of  species  of  the  genera  Lacunea,  Tapes^ 
and  Cardium,  In  1888  Mr.  Warren  Upham,  in  a  paper  before 
the  Boston  Society  of  Natural  History,;]:  from  which  the  above 
list  has  been  taken,  reported  Cliona  sidphurea  Verrill,  from 
the  same  locality. 

So  far  as  I  can  find  out,  these  are  the  only  species  reported 
from  this  locality  up  to  the  present  time.  Other  drumlins  in 
the  harbor  have  furnished  occasional  specimens  of  the  follow- 
ing iulditional  species  :  Lunatia  heros  Adams,  Saxicava  arctica 
Deshayes,  Pecten  idandicus  Chemnitz. 

Of  the  sj)ecimens  mentioned  above,  the  only  ones  that  are 
at  all  common  in  the  drift  are  Venus  mercenaria^  Oyclocardia 
horealifi  and  ClAona  sidphurea.  The  other  specimens  are  rare 
and  very  fragmentary,  so  that  identification  is  frequently  diffi- 
cult if  not  impossible. 

To  the  above  list  I  wish  to  add  the  following,  which  I  have 
been  fortunate  enough  to  find  during  recent  short  trips  to  the 


*  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  iv,  p.  9. 

f  This  Journal,  III,  vol.  xxvi,  p.  56,  July,  1888. 

X  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  xxiv,  pp.  127-141. 
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cliff  at  Winthrop :  Lunaiia  groenlandica  Stimpson,  Scwpharca 
transversa  Adams,  Buccinum  undatum  Linn6,  Ilyana^sa 
ohsoleta  Stimpson.  Of  the  above,  all  but  the  last  are  undoubt- 
edly new  discoveries.  The  last  has  however  been  noted  by 
Verrill*  as  coming  from  this  locality,  having  been  discovered 
by  Dr.  Stimpson.  I  have  examined  all  the  references  I  could 
find  to  discover  where  Dr.  Stimpson  has  announced  the  find- 
ing of  the  species,  but  without  success.  Even  in  the  article,f 
in  which  he  changes  the  generic  name  from  Nassa  to  Ilyanassa^ 
he  makes  no  mention  oi  its  occurring  as  a  fossil  either  in  this 
locality,  or  anywhere  along  the  shore  of  Massachusetts  Bay. 

I  have  also  found  a  small  fragment  of  shell,  the  species  of 
which  I  have  thus  far  been  unable  to  have  determinea.  Prof. 
Verrill,  to  whom  the  specimen  was  referred  for  identification, 
states  in  a  letter,  "I  have  compared  it  with  all  similar  living 
shells  of  our  Eastern  Coast  fauna  and  find  nothing  just  like  it 
in  sculpture.  It  probably  belongs  to  the  VeneridoB  or  Luci- 
nid(B^  but  there  is  too  little  of  it  to  be  sure  even  of  the  family. 
It  may  be  Tertiary  or  even  Cretaceous,  for  I  have  had  speci- 
mens of  soft  limestone  bowlders  from  the  drift  of  Cape  Cod 
containing  well  preserved  Cretaceous  shells."  Mr.  J.  B. 
Woodworth  has  shown  me  some  specimens  which  he  has  col- 
lected from  the  Miocene  of  Squibnocket,  Martha's  Vineyard, 
which  this  fragment  resembles  in  a  marked  degree.  If  this 
species  should  prove  to  be  not  now  known  on  the  Atlantic 
seaboard,  it  would  be  the  first  instance,  as  far  as  I  know,  of  a 
species  found  as  a  fossil  in  the  Glacial  drift  but  not  now  living. 
Mr.  Upham  says ',%  "  All  these  species  which  remain  from  the 
marine  fauna  that  existed  before  the  formation  of  the  last  ice 
sheet,  are  found  living  at  the  present  time  in  the  adjoining 
waters  of  Massachusetts  Bay."  Venus  mercenaria  however  is 
more  truly  a  southern  form  and  is  only  f6und  scatteringly  in 
the  Bay.  It  is  thus  very  similar  in  its  distribution  to  Scapharoa 
transversa,  which  is  not  found  north  of  Cape  Cod.  Finding 
thus  this  species  as  a  fossil  in  Massachusetts  Bay,  which  now 
lives  only  in  the  warmer  waters  south  of  Cape  Cod,  we  have  a 
strong  bit  of  additional  evidence  to  help  prove  that  the  waters 
of  Massachusetts  Bay,  just  previous  to  the  advent  of  the  last 
ice  sheet,  were  somewhat  warmer  than  at  present,  an  hypothe- 
sis which  is  now  pretty  generally  conceded  to  be  true. 

Recent  discoveries  of  Post-glacial  fossils  from  dredgings  in 
Boston  Harbor,  noted  by  Mr.  Upham,§  show  us  conclusively 

*  Report  upon  the  Invertebrate  Animals  of  Vineyard  Sound,  U.  S.  Fish  Com- 
mission Report,  1871-72. 

t  Am.  J.  Coiichoi.,  vol.  i.  p.  61. 

i  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  xxiv,  p.  1 34. 

gProc.  Bost.  Soc.  Nat.  Hist.,  vol.  xxv,  pp.  305-316. 
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that  the  waters  immediately  at  the  close  of  the  Glacial  period 
were  warmer  than  at  present.  Of  twenty-five  species  thus  far 
reported  from  the  dredgings,  many  of  which  are  the  same  as 
in  the  Glacial  drift,  fourteen  are  distinctly  southern  in  their 
distribution,  according  to  Mr.  Upham.  Thus,  as  far  as  we  can 
determine  by  the  testimony  of  fossils,  the  ocean  waters  of  Cape 
Cod  both  immediately  before  the  advance  of  the  ice  sheet  and 
just  after  the  retreat  were  warmer  than  at  present.  Whether 
these  changes  in  temperature  were  due  to  the  presence  or 
absence  of  melting  glaciers  in  the  neighboring  oceanic  waters 
or  whether  they  were  due  to  slight  oscillations  of  laud,  it  is 
difficult  to  determine.  The  existence  of  elevated  shore  lines 
and  fossiliferous  clays  to  the  north  of  Massachusetts  Bay, 
noted  by  Prof.  Shaler  and  others,  would  seem  to  show  that 
the  changes  of  temperature  were  due  to  oscillations  of  the 
continent  which  at  one  time  gave  access  to  the  warmer  southern 
waters  into  Massachusetts  Bay,  and  at  others  shut  them  out 
more  than  at  present. 

Inasmuch  as  the  direction  of  ice  movement  during  the 
drumlin-making  stage  must  have  been  from  a  generally  north- 
westerly direction  in  this  region,  as  shown  by  the  strise,  the 
fragments  of  shells  now  found  in  the  drumlins  must  have  occu- 
pied a  position,  at  the  beginning  of  the  ice  advance,  some- 
where to  the  northwest  of  the  spot  where  they  are  now  found, 
otherwise  they  could  not  have  been  taken  up  and  carried  by 
the  ice  in  such  a  manner  as  to  be  deposited  in  their  present 
position.  As  I  have  already  stated,  all  these  species  of  fossils 
but  two  are  now  found  living  in  the  waters  of  Massachusetts 
Bay,  and  if  the  necessary  conditions  for  their  existence  have 
always  been  the  same,  it  would  appear  that,  at  the  time  the 
ice  sheet  overrode  this  portion  of  the  coast,  there  must  have 
been  somewhere  in  the  western  portion  of  Boston  Harbor, 
probably  near  the  present  estuary  of  the  Charles  River,  an 
extensive  colony  of  shells  of  many  different  species.  Yet  we 
find  no  evidence,  other  than  the  shells  themselves,  of  the  exist- 
ence of  any  such  colony  of  invertebrates,  in  the  localities  I 
have  noted.  It  would  seem  very  strange  however  that  all  the 
more  important  discoveries  of  pleistocene  fossils  from  the  drift 
of  this  region  have  been  from  one  drumlin,  while  the  several 
drumlins  in  the  immediate  vicinity  have  furnished  but  a  very 
few  species.  It  is  especially  difficult  to  understand  why  we 
find  but  four  different  species  of  fossils  in  the  large  drumlin, 
called  Grover's  Cliff,  about  a  mile  to  the  northeast  of  Win- 
throp  Great  Head,  while  Great  Head  itself  has  given  us 
twenty-three  species. 

It  would  seem  furthermore   as   if  the  distance   of   travel 
which  these  fragments  underwent  must  have  been  considerable^ 
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and  this  for  the  reason  that  they  are  found  in  the  eroded  face 
of  the  drnmlin  often  at  a  height  of  over  fifty  feet  above  the 
present  sea  level.  Even  if  dead  they  would  not  probably  have 
been  elevated  much  above  the  present  level  of  the  sea  in  their 
original  resting  place,  when  set  in  motion  by  the  ice  sheet,  and 
a  somewhat  lengthy  journey  in  the  ice  would  seem  requisite  in 
order  to  allow  them  to  have  risen  so  high  above  sea  level  as 
we  now  find  them.  In  spite  however  of  the  long  journey, 
apparently  necessary  for  elevation  in  the  ice,  the  fragments, 
with  few  exceptions,  show  little  evidence  of  Glacial  wear.  Mr. 
J.  B.  Woodworth  has  shown  me  two  small  fragments  of  Venus 
rnercenaria  from  the  Winthrop  Great  Head  cliffs  that  still 
present  faint  glacial  strise  on  the  inside,  yet  the  shells  have  not 
been  sufficiently  worn  to  lose  their  surface  markings  or  the 
gloss  of  the  interior.  The  specimens  of  Buccinum  and 
Ilyanassa  are  especially  well  preserved,  being  but  slightly  worn 
at  the  apex  of  the  spire  and  retaining  their  delicate  surface 
markings. 

I  found  each  of  these  two  shells  filled  with  compact  till 
containing  small  pebbles,  and  in  one  case  a  fragment  of  the 
shell  of  Venus  rnercenaria.  If  the  shell  had  died  in  place 
previous  to  being  taken  up  by  the  ice,  it  might  be  reasonably 
expected  to  retain  in  its  chamber,  even  to  the  present  time, 
some  of  the  bottom  on  which  it  had  lived.  Therefore  I  care- 
fully removed  the  filling  from  the  outer  chamber  of  the  Buc- 
cinum but  failed  to  find  within  any  other  material  than  clayey 
till  like  that  in  which  it  was  lying  when  found. 

The  large  number  of  small  fragments  of  shells  scattered 
through  the  till  in  the  lower  half  of  the  drumlin  of  Winthrop 
Great  Head  would  seem  to  indicate  that  much  of  the  material 
of  which  the  drumlin  is  composed  came  from  the  same  place 
as  the  shells,  for  we  cannot  conceive  how  the  onward  moving 
glacier  could  remove  the  shells  without  taking  at  the  same 
time  a  large  part  of  the  bottom  on  which  the  shells  were  grow- 
ing. If  so,  then  the  materials  of  this  drumlin  and  of  much 
of  our  drift,  not  only  represents  the  amount  of  bed  rock  re- 
moved by  the  ice  sheet,  but  such  rock  waste  plus  a  large  amount 
of  the  previously  accumulated  soil,  river  and  shore  deposits. 
It  may  in  this  case  even  include  much  of  the  drift  deposited 
by  the  first  ice  epoch  which  has  been  undergoing  secular  decay 
during  all  of  interglacial  times.  At  any  rate  the  physical 
character  of  the  material  in  the  face  of  this  drumlin  seems  to 
indicate  the  presence  of  much  fine  clayey  matter,  greatly 
decayed  and  appearing  very  similar  in  nature  to  the  brick  clays 
of  Cambridge  and  Somerville,  Mass.  These  brick  clays  on 
fresh  exposure  present  to  view  innumerable  small  vertical 
joints  which  allow  the  clay  to  break  up  into  small  cubes.  This 
tendency  to  break  along  incipient  joint  planes  appears  much 
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more  conspicuously  in  the  clays  of  the  drumlins  of  Boston 
Harbor  than  in  any  of  the  inland  drumlins  1  have  had  an 
opiH>rtunity  to  note  in  Western  Massachusetts  and  Connecti- 
cut. The  possible  presence  of  such  a  large  amount  of  previ- 
ouHly  eroded  material  in  the  deposits  laid  down  during  the 
luHt  Btajiijes  of  the  ice  age  relieves  us  from  considering  that  a 
moving  continental  ice  sheet  is  such  a  great  erosive  agent  as 
wo  aiti  Wi)nt  to  believe  it. 

Mr.  W.  (X  Crosby,*  l>elieves  that  "  possibly  as  much  as  one- 
fourth  and  quite  certainly  not  more  than  one-third  of  the  de- 
tritUK  composing  the  till  of  the  Boston  basin  was  in  existence 
bofon^  tho  ici*  ago,  and  that  the  remaining  two-thirds  or  three- 
fomthi*  niUv^t  be  attributed  to  the  mechanical  action  of  the  ice- 
hhtu^t  and  its  accompanying  torrents  of  water."  Coniparing 
this  t'stimute  of  the  amount  of  erosion  by  the  ice  sheet  in 
hoston  Harbor  with  the  scant  amount  of  work  done  by  tbe 
\vv  hht't^t  in  Western  Massiicliusetts  and  Connecticitt,  as  shown 
by  tht^  vtM*y  conspicuous  bed  rock  topography  formed  in  pre- 
glacial  times  and  but  little  affected  by  the  ice  advance,  the 
rhtimate  seems  to  be  very  larije  indeed. 

'i'lic  most  interesting  problem  suggested  by  the  presence  in 
our  drift  of  such  fossil  frairment^  as  I  have  described  is,  how- 
over,  that  of  the  relative  |X)sitions  of  land  and  sea  in  the  dif- 
fortJiit  epochs  of  pleistocene  times.  For  that  reason,  even  the 
evidence  of  one  small  fragment  like  that  of  Scapharca  trans- 
versa  is  important,  though  it  gives  us  but  one  small  bit  of 
proof  of  the  warmer  waters  in  Massachusetts  Bay  in  the  times 
immediately  previous  to  the  last  ice  age.  It  only  remains  in 
conclusion  to  say  that  similar  assemblages  of  pleistocene  shells 
have  been  found  in  our  glacial  drift  in  other  localities,  but 
mainly  on  the  southern  shores  of  New  England.  The  most 
important  discoveries  have  been  those  of  I)esorf  and  Verrill 
and  Smith:}:  from  the  apparently  interglacial  beds  of  Sankaty 
Head,  Nantucket.  At  this  locality  more  than  a  score  of  spe- 
cies have  been  found,  occurring  in  two  distinct  beds.  The 
lower  beds  contain  warm  water  forms  and  the  upper  mostly 
worn  fragments  of  northern  forms.  On  our  northern  shores 
no  section  so  rich  in  pleistocene  fossils  has  as  yet  been  found 
as  that  of  Winthrop  Great  Head,  although  similar  deposits 
have  been  found  by  Prof.  Shaler  at  Gloucester,  Mass.,  and  by 
others  at  different  localities  on  the  coast  of  Maine.  The  reason 
for  the  occurrence  of  so  many  different  species  of  fossils  in 
this  one  drumlin  in  Winthrop,  situated  as  it  is  among  so  many 
neighboring  unfossiliferous  drumlins,  still  remains  a  mystery. 

Harvard  University,  Cambridge,  Mass. 

*  Proc.  Bost.  Soc.  Nat.  Hist,  vol  xxv,  p.  115-140. 
t  Quar.  Jcur.  Geol.  Soc.  Lond .  vol  v,  pp.  340-344. 
X  This  Journal,  III,  vol.  x,  1875,  pp.  364-370. 
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Art.  XI Y. — The  Amount  of  Glacial  Erosion  in  the  Finger- 
lake  Region  of  New  York;  by  D.  F.  Lincoln,  M.D., 
Geneva,  N.  Y. 

[Read  before  the  Am.  Assoc,  for  the  AdvaDcement  of  Science,  Madison,  August, 

1893.] 

The  Lake-region  proper  does  not  extend  beyond  the  De- 
vonian belt ;  it  will,  however,  be  instructive  to  include  in 
our  consideration  the  closely-related  "drumlin-belt"  of  level 
country  adjacent  on  the  north,  which  covers  the  upper  Silurian 
area  between  Rochester  and  Syracuse,  nearly.  Within  this  region 
occurs  the  well-marked,  though  low,  Corniferous  escarpment, 
besides  some  local  escarpments  to  the  south  :  the  Niagara 
exposures  being  hardly  worthy  of  that  name.  Most  of  the 
formations  are  exposed  at  great  numbers  of  points  in  brooks, 
and  complete  sections  across  the  Devonian  are  afforded  by 
some  of  the  lakes.  Beginning  at  the  north,  the  formations  in 
ascending  order  are  as  follows  :* 

The  Medina  sandstone  along  Lake  Ontario  is  thickly  envel- 
oped with  drift  and  lake  deposits.  Five  exposures  in  the  beds 
of  brooks  are  mentioned  by  Hall  in  Wayne  County.  (Report 
for  the  Fourth  District,  1843).  In  the  Clinton  shales  and  lime- 
stone Hall  names  twelve  exposures,  adding  that  "  almost  every 
stream  north  of  the  road  from  Wolcott  to  Rochester  exposes  one 
or  more  members  of  this  group."  The  Niagara  shale  is  soft, 
and  forms  very  gentle  slopes.  It  is  exposed,  though  not  deeply 
cut  in  "all  the  small  streams  which  flow  into  the  lake"  (Hall). 

The  Niagara  limestone  occupies  a  tract  a  mile  or  two  wide, 
crossing  the  middle  of  the  lake  counties  from  west  to  east.  Its 
position  is  marked  by  a  line  of  lime-kilns  across  the  country. 
Little  cascades  or  rapids  occur  wherever  the  streams  pass  from 
it  to  the  shale.  It  is  characterized  by  frequent  low  anticlines, 
with  axis  approximately  N.-S.,  the  backs  of  which  come 
within  a  foot  or  two  of  the  surface.  Broad  levels,  underlain 
by  sheets  of  this  rock,  with  only  a  foot  or  two  of  soil,  have 
been  observed  at  Sodus.  On  the  whole,  the  contour  of  the 
landscape  is  not  distinctly  affected  by  this  formation. 

The  Salina  formation,  being  to  a  great  degree  composed  of 
weak  rocks,  is  probably  excavated  and  buried  more  deeply 
than  the  others.  The  Clyde,  the  present  outlet  of  the  Finger 
lakes,  runs  through  it  lengthwise  (W.-E.) ;  for  several  miles 
west  of  Lyons  its  valley  is  deserted  by  its  wandering  occupant ; 
the  banks  are  there  30  feet  high  exclusive  of  drumlins,  and 
rock  is  not  exposed. 

Distinct  evidence  in  regard  to  the  depth  of  the  drift-cover- 
ing is  less  easily  had  in  this  formation  than  elsewhere.     The 

*For  a  sketch  map  of  the  Lake  region,  se3  this  Journal,  October,  1892. 
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dramlins  are  numerous,  and  intercept  the  drainage  to  such  an 
extent  that  the  low  grounds  between  them  are  largely  filled 
with  alluvium,  and  often  swampy.  Hall,  however,  mentions 
16  localities  where  the  rock  is  exposed.  A  comparatively  con- 
tinuous series  of  exposures  is  seen  along  the  line  of  contact 
with  the  next  following  rock. 

The  Corniferous  limestone  makes  itself  seen  in  many  places 
along  the  south  side  of  the  Auburn  branch  of  the  New  York 
Central  railroad.  It  comes  close  to  the  surface  at  many  quar- 
ries ;  and  its  low  escarpment,  resembling  an  old  stone  wall, 
west  of  Geneva,  has  forced  the  railway  to  diverge  four  miles 
to  the  north.  Upon  this  escarpment,  a  mile  south  of  the  New 
York  Central,  runs  the  new  line  of  the  Lehigh  Valley  road, 
cutting  through  some  low  anticlinals  of  rock  resembling  those 
mentioned  in  the  case  of  the  Niagara  limestone,  and  with  a 
similar  (N.-S.)  axis.  Both  roads  run  for  some  miles  west  of 
Geneva  over  broad  levels  of.  Corniferous  limestone  covered 
with  a  little  soil  and  occasionally  swampy.  The  Lehigh  road 
has  found  it  impossible  to  plant  posts  in  the  usual  way,  and 
stone-laden  cribs  are  used  to  support  the  fences. 

With  the  Corniferous  begins  the  series  of  exposures  belong- 
ing to  the  lake-region  proper.  In  this  re^on  no  other  escarp- 
ment of  equal  development  exists.  Locally,  however,  we  may 
name  that  due  to  the  Tully  limestone,  a  sheet  of  rock  a  dozen 
feet  or  more  in  thickness,  surmounting  the  Hamilton  group. 
At  its  outcrop  in  the  rising  land  between  Seneca  and  Cayuga 
Lakes,  just  north  of  Ovid,  there  is  a  shoulder  or  upward  iog 
in  the  landscape,  quite  well  seen  at  a  distance  of  eight  miles. 
The  "  basal  limestone"  (J.  M.  Clarke),  which  forms  the  lowest 
layer  of  the  Hamilton  shale,  parting  it  from  the  Marcellus,  is 
the  cause  of  the  bhiflE  northerly  termination  of  a  certain  de- 
tached hill,  four  miles  south  of  the  outlet  of  Seneca  Lake ; 
the  soil  is  very  thin  over  a  large  tract,  and  the  coral  reef  is 
bare  in  spots.  Many  hundreds  of  little  ravines,  entering  the 
Finger  Lakes  from  the  sides,  and  cutting  through  the  Devonian 
series,  have  made  the  region  classic  ground  for  the  collector  of 
fossils.  The  drift-coating,  as  shown  in  these  cuts,  is  usually 
thin  (1-5  feet)  at  least  within  a  mile  or  two  of  the  lakes.  In 
many  places,  however,  the  delta-terraces  are  prominent,  and 
where  cut  through  by  the  railways  might  mislead  the  observer's 
estimate.  It  is  fair  to  presume  that  these  accumulations  of 
drift  were  not,  for  the  most  part,  taken  from  the  general  sur- 
face, but  from  those  surfaces  which  have  now  been  converted 
into  ravines  and  gullies.  The  general  sweep  and  slope  of  the 
country  is  not  towards  the  ravines,  as  a  rule;  the  upland  con- 
tour is  broken  abruptly  by  the  line  of  the  gorge,  and  there 
plunges  at  an  angle  of  from  20°  to  90°.  Hence,  little  general 
loss  of  drift  has  probably  taken  place  through  stream-action. 
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The  general  topography  of  the  district — its  hills,  valleys, 
and  slopes — famish  important  aids  to  determining  the  amount 
of  drift.  On  the  whole,  these  features  are  formed  of  rock, 
veiled  under  a  very  few  feet  of  drift.  Although  the  country 
along  the  lower  (northern)  reaches  of  the  lakes  is  in  general 
level,  yet  it  is  not  without  marked  features.  The  hill  of  coral 
limestone  just  described  is  one  of  several,  similarly  elongated 
parallel  to  the  lake-axes,  and  formed  of  shale.  They  are  de- 
scribed in  this  Journal  for  October,  1892.  Other  hills  and 
ridges  may  be  added  to  their  number.  Farther  south,  towards 
the  neighborhood  of  the  moraine  of  the  second  Glacial  period, 
as  defined  by  Professor  Chamberlin,  the  country  rises  very 
considerably,  forming  for  the  most  part  a  series  of  broad  backs, 
plateau-like,  intersected  at  short  intervals  by  straight,  trough- 
like valleys,  running  nearly  N.-S.  Most  of  these  valleys  con- 
tain lakes.  The  moraine  is  very  weak  on  the  high  lands,  over 
which  it  lies  in  loops  bending  northward.  It  crosses  the  val- 
leys a  short  distance  south  of  the  present  lakes,  and  has  evi- 
dently determined  their  position.  In  the  valleys,  the  accumu- 
lations are  vast,  with  extensive  overwash  deposits  southwards 
towards  the  Susquehanna,  and  northwards  towards  the  lakes  (?) 
Over  a  great  part  of  the  rolling  uplands  it  is  safe  to  say  that 
the  rock  lies  within  from  one  to  ten  feet  of  the  surface.  They 
are  in  places  characterized  by  rock-flats  covered  with  thin  soil ; 
in  other  parts  they  undulate  in  broad  clumsy  lines,  forming 
certain  high  hills  and  a  few  transverse  or  E.-W.  valleys  with 
rock  sides.  A  good  example  of  the  latter  is  found  at  Dundee, 
which  lies  about  ten  miles  north  of  a  locality  named  by  Cham- 
berlin as  belonging  to  the  moraine.  The  existence  of  such  a 
valley  at  such  a  point  is  not  suggestive  of  a  heavily  drift- 
blocked  country.  Several  other  valleys,  in  similar  situations 
north  of  the  moraine,  remain  as  the  last  survivals  of  a  topogra- 
phy which  is  clearly  not  post-glacial  /  they  appear  in  harmony 
with  the  valley  system  of  the  Allegheny  plateau  of  western 
Pennsylvania. 

These  remarks,  however,  must  be  understood  as  limited  to 
the  high  lands  lying  southward ;  whose  topography  in  fact 
much  resembles  that  south  of  the  moraine.  The  lower  lands, 
including  the  northerly  reaches  and  the  troughs  of  the  lakes, 
produce  the  impression  of  a  typically  glaciated  country,  with 
few  prominent  features.  The  forms  are  smooth  and  flattened, 
even  when  demonstrably  due  to  rock-structiire.  Any  long 
stretch  of  horizon  tends  to  resemble  a  line  drawn  with  a  ruler. 
Looking  east  or  west,  the  sky-line  is  nearly  level ;  looking 
north  or  south  we  have  broad  planes  inclining  to  the  lakeside. 

On  the  lower  levels — say  up  to  900  feet  above  tide — a  good 
deal  of  the  land  between  the  lakes  is  provided  with  drumlins 
of  moderate  size,  and  of  a  different  aspect  from  the  bolder 
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and  larger  forras  of  the  parts  nearer  Lake  Ontario.  The  mate- 
rial of  these  small  drumlins,  if  spread  over  their  own  neighbor- 
hood, would  not  exceed  10  or  20  feet  in  thickness. 

Kames  and  osars  have  been  observed  in  three  counties,  but 
not  with  suflBcient  system  to  enable  an  estimate  to  be  oflEered. 
It  is  not  believed  that  the  material  they  contain  would  add 
very  greatly  to  the  total. 

The  deepest  parts  of  the  lakes  may  be  assumed,  with  proba- 
bility, to  be  nearly  free  from  drift.  On  the  south  they  are 
prolonged  in  alluvial  plains,  reaching  several  miles,  which  may 
not  be  all  Post-glacial.  The  northern  ends  of  several  lakes 
also  appear  to  be  choked  with  Glacial  deposits.  At  Geneva 
several  wells  have  been  sunk  at  the  water's  edge,  passing 
through  gravel,  sand,  clay,  and  till,  with  many  large  bowl- 
ders, and  striking  bed-rock  at  205,  and  240  (?)  feet.  Ad- 
jacent drumlins  rise  to  the  height  of  90  feet.  A  mile  from 
the  lake,  at  an  elevation  of  100  feet,  the  drift  is  60  feet  thick; 
half  a  mile  further,  on  higher  ground,  shale  crops  out  in  seve- 
ral spots.  This  drift-mass  extends  six  or  eight  miles  to  the 
southward,  occupying  the  width  of  a  mile  on  the  west  baok 
of  the  lake,  and  very  probably  shoaling  a  corresponding  por- 
tion of  the  lake.  On  the  whole,  it  may  be  estimated  that  |of 
the  surface  of  land  lying  between  the  Finger  Lakes  and  extend- 
ing to  (but  not  including)  the  terminal  moraine,  is  covered 
with  drift,  averaging  from  1  to  5  feet  in  thickness.  Another 
f  may  average  from  5  to  30  feet.  The  remainder  may  be 
included,  for  the  most  part,  between  30  and  100. 

In  close  connection  with  the  above  study,  a  question  of  great 
interest  awaits  solution — that  of  the  origin  of  the  trough-like 
lake-basins.  The  reader  will  not  fail  to  recall  the  diversity  of 
opinion,  which  has  been  recently  developed  by  the  discussions 
upon  the  origin  of  mountain  lakes,  in  the  pages  of  *' Nature" 
for  1893.  It  is  not  my  present  purpose  to  enter  into  this  dis- 
cussion. Certain  facts,  however,  in  part  new,  may  well  be 
mentioned  here,  as  deserving  to  be  weighed  before  we  take 
sides.  In  part,  these  favor  the  theory  of  deepening  by  Glacial 
erosion  ;  in  part,  that  of  tilting  or  differential  uplifts,  whereby 
valleys  that  once  ran  continuously  to  the  sea  have  been  bent 
so  as  to  hold  water  like  a  spoon.  For  the  sake  of  simplicity, 
let  us  confine  the  presentation  to  Seneca  Lake,  which  will  serve 
as  a  type.  Situated  in  the  axis  of  the  system  known  as  the 
Finger  Lakes,  this  valley  has  been  cut  down  to  a  depth  con- 
siderably greater  than  either  of  its  neighbors ;  in  addition  to 
which,  it  is  the  one  about  whose  rock-contours  we  have  most 
definite  information.  We  will  consider  it  as  incidental  to  a 
valley,  58  miles  long,  running  from  the  flat  land  at  Geneva 
south  to  a  junction  with  the  Chemung  Valley  at  Elmira;  of 
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which  valley  the  lake  occupies  the  northern  36  miles,  and  the 
terminal  moraine  with  its  dependent  deposits  occupies  the 
remaining  22  miles. 
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Fig.  1.  Section  from  Lake  Ontario  southward  through  Seneca  Lake  to 
Elmira.  LO,  Lake  Ontario,  bottom  492  below  tide  level ;  L,  Lyons,  407  above 
tide  level;  G,  Geneva;  0,  Ovid.  1061;  LS,  Seneca  Lake,  surface  441,  bottom 
—177;  H,  Hector  (summit)  1805;  B.  Burdette ;  N.  Newtield,  2095;  D,  Odessa; 
W,  Watkins ;  V,  Havana ;  M,  Moraine ;   P,  Pine  Valley ;  E,  Elmira,  863. 

The  greatest  depth  of  the  valley  is  at  and  to  the  south  of 
the  middle  of  the  lake,  where  the  bottom  lies  160-176  feet 
below  tide.  At  the  north  end,  the  lake  comes  to  an  abrupt 
end,  choked  with  drift  and  alluvium ;  the  valley  also  disap- 
pears to  the  eye  and  is  not  traceable  farther  north.  The 
apparent  depth  of  the  lake  at  this  part  is  40  feet ;  its  true 
depth  is  probably  not  much  in  excess  of  200  feet,  as  may  be 
inferred  from  the  section  (fi^.  2)  in  which  the  borings  are 
shown  to  represent  two  localities,  distant  1700  feet  in  a  line  at 
right  angles  with  the  channel,  and  near  its  probable  axis.  The 
lake-level  being  441  A.  T.,  the  buried  channel  would  be  at 
241  A.  T. 
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Fig.  2.  Section  across  Seneca  Lake  at  Greneva,  from  west  to  east,  showing 
probable  depth  of  buried  channel.  R,  Reservoir;  C,  Castle  Creek ;  G,  Geneva 
Nat.  Gas  Spring  Co. ;  Ch,  Chase's  well ;  N,  Nester's  well ;  M,  outcropping  of 
Marcellus  shale. 

For  the  part  of  the  valley  lying  south  of  the  lake  the  fol- 
lowing data  have  recently  been  obtained.  At  the  mouth  of 
the  "inlet"  at  Watkins,  near  the  middle  of  the  valley,  a  well 
has  been  driven  "  by  blows  from  a  sledge "  224^  feet  in  the 
alluvium.  Four  miles  south,  at  Havana,  a  well  was  sunk  at 
Cook  Academy,  near  the  middle  of  the  valley,  which  passed 
through  435  ^et  of  sand  without  reaching  rock.  Six  miles 
farther  south  (one  mile  beyond  Millport)    a   well  was  sunk 
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by  Mr.  U.  Hall  to  the  depth  of  186  (?)  feet  in  sand,  with- 
out touching  rock ;  the  site  of  the  well  was  near  the  brook, 
which  has    cut   its   gorge   to   the   depth  of   100  feet    (esti- 
mated)   below  the  level  of   the  drift  at  that   point,    which 
indicates  300  ±  feet  of  drift  in  all.     At  Elraira  the  valley  is 
two  miles  and  a  half  wide  ;  the  Erie  road  runs  near  the  middle; 
borings  have  been  made  at  the  Table  factory,  just  west  of  the 
road,  giving  less  than  200  feet  of  gravel,  and  at  the  Rolling 
mills,  just  east  of  the  road,  striking  rock  at  less  than  60  and 
120  feet;  while  at  the  Blast  furnace,  in  the  same  region,  I  am 
informed  by  a  former  official  that  their  well  could  not  have 
gone  more  than  100  feet  in  depth  before  striking  rock.     These 
data  are  all  that  seem  at  present  available.     We  may  therefore 
assume  that  the  drift  deposits  of  the  valley  equal  or  exceed 
300  feet  in  thickness  until  we  approach  Elmira,  where  they 
probably  become  less  than  200,  perhaps  less  than  100  feet 
thick.     This  places  the  southern  end  of  the  valley  at  680-780 
feet  above  tide  =  850-950  feet  (in  round  numbers)  above  the 
deep  parts  of  the  lake-floor ;  the  northern  end  of  the  valley 
being  about  400  feet  above  the  lake-floor. 

In  the  valley  of  the  Susquehanna,  between  Wilkesbarre 
and  Bloomsburg,  a  similar  state  of  inversion  has  been  shown 
to  exist  (2d  Geol.  Eep.  of  Pennsylvania,  G  7).  Wilkesbarre  is 
124  miles  down-stream  from  Elmira;  Bloomsburg  is  40  miles 
further.  At  Wilkesbarre  the  existing  river  deposits  have  been 
pierced  by  boring  to  the  depth  of  180  and  185  feet  before 
striking  rock,  showing  the  existence  of  a  buried  bed  at  340  feet 
above  tide ;  while  at  Bloomsburg  the  rock-bed  is  exposed  in  the 
stream  at  a  height  of  450  feet  above  tide,  giving  a  tilt  of  110 
feet  in  a  direction  contrary  to  the  present  course  of  the  river. 

The  hypothesis  of  crust-bending  is  obviously  available  to 
explain  such  differences  of  level  as  the  above.  It  seems  to 
me  however,  that  the  arguments  for  the  other  side  are  of  great 
importance.     There  are  three  principal  ones. 

1.  The  magnitude  of  the  valleys  of  Seneca  and  Cayuga 
Lakes  demands  an  explanation  which  has  not  yet  been  offered. 
The  Seneca  valley  at  its  wider  and  deeper  parts  greatly  exceeds 
in  dimensions  that  of  the  Ohio  below  Pittsburg;  this  would 
not  be  inconceivable,  if  we  supposed  both  the  Susquehanna  and 
the  Chemung  to  have  flowed  north  past  Elmira  and  Geneva 
Ontario-wards ;  but  it  is  less  easy  to  account  for  a  second  valley, 
that  of  Cayuga  Lake,  parallel  with  it  at  twenty  miles'  distance, 
and  nearly  as  large  as  the  first.  Further,  the  character  of  the 
valleys  of  these  lakes  changes  in  going  south  to  the  moraines; 
they  become  narrower,  and  assume  the  aspect  of  cols.    See  tig.  3. 

2.  A  much  more  important  group  of  objections  exists,  wnich 
may  be  summed  up  under  the  title  of  Incompatibility  of  Levels. 
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a.  To  the  east  and  west  of  the  Seneca  valley,  at  a  distance  of 
6-12  miles,  there  run  two  upland  valleys;  on  the  east,  that  of 
Cayuta  Creek,  26  miles  long  and  half  a  mile  wide ;  to  the 
west,  that  of  Pine  Creek,  about  half  that  length.  They  be- 
gin opposite  Watkins  and  run  southward.  In  this  situation 
it  is  hardly  conceivable  that  a  general  flexure,  capable  of  affect- 
ing the  beds  both  of  Seneca  and  Cayuga  Lakes,  should  fail  to 
affect  similarly  the  valley  of  these  creeks ;  especially  as  Caynta 
valley  lies  between  the  south  extensions  of  Cayuga  and  Seneca 
valleys.  But  in  point  of  fact,  this  is  what  has  occurred  : — the 
valley  of  Seneca  falls  northward^  its  probable  bed  descending 
nearly  900  feet  in  30  miles  (Elmira  700  dz  A.  T.,  lake-bottom 
176  below  tide].  The  valley  of  Cayuta  Creek  falls  southward^ 
descending  probably  300  feet  in  26  miles  (and  doubtless  con- 
siderably more,  if  its  rock-bed  were  uncovered  at  its  lower 
part).  Pine  Creek  similarly  falls  387  feet  southward  in  13 
miles  from  Beaver  Dam  (1279)  to  Corning  (942).  It  is  of 
course  quite  possible  that  streams  should  interlock  in  this  way 
over  a  divide,  flowing  in  opposite  directions  for  a  time.  But 
it  is  unlikely  that  a  large  river  (by  supposition,  the  upper 
Susquehanna)  should  have  run  from  Elmira  north  with  a  de- 
scent of  30  feet  to  the  mile  for  30  miles.  If  such  were  the 
state  of  things,  a  deep  narrow  gorge  with  vertical  sides  would 
have  been  produced,  extending  back  at  a  relatively  rapid  rate 
far  down  into  Pennsylvania.  The  actual  outlines  of  the  sec- 
tion of  the  lake  (fig.  3)  are  absolutely  contradictory  of  this  view. 

"^ ^^^DING  CENTRE  0  2000        ttOOO        tHOO        dOOp        fOOOOFEET.  BURDCTT 


Fig.  3.  Combined  sections  of  Seneca  Lake  and  the  Ohio  River,  on  the  same 
scale  (vertical  4  times  the  horizontal).  The  lake  is  taken  near  the  southern  end, 
on  line  III  of  Cornell  University  map  ;  from  Reading  Centre  east  to  hill  at  Bur- 
dett.  The  river  (ABBA)  is  an  average  section  within  12  miles  below  Pitts- 
burg obligingly  furnished  by  Prof.  F.  W.  Very  of  Allegheny,  Pa.  Width  of 
lake  6260  feet;  width  between  the  Ohio  bluffs  (B-B)  7000  feet;  width  of 
lake-valley  between  high  points  22,000  feet.  Depth  of  water  in  lake  540  feet. 
(The  greatest  depth  is  2  miles  north  of  section  =618  feet.)  Depth  of  Seneca 
valley,  from  level  of  bluffs  800  feet;  from  level  of  plateau  (Reading  Centre), 
1400  +  feet.    Depth  of  Ohio  valley,  from  plateau  at  bluffs  (B-B),  near  500  feet. 

2b,  The  incompatibility  between  the  Seneca  valley  and 
those  of  the  high  land  appears  further  in  this :  that  if  they 
had  coexisted,  the  deeper  must  have  "  robbed  "  the  less  deep. 
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The  smaller  upland  creeks  above  named,  lying  nearly  1000  feet 
higher  than  the  Seneca  bottom,  and  distant  only  4  or  5  miles, 
without  obstructing  elevations  of  ground,  must  inevitably 
have  become  its  tributaries.  But  not  the  first  step  seems  to 
have  been  taken  towards  this  end.  The  upland  systems  were 
uninfluenced,  during  their  formation,  by  such  an  attraction ; 
hence  we  may  infer  its  non-existence. 

3.  Probably  the  most  important  argument  in  this  direction 
is  drawn  from  i}^^  absence  of  side  valleys  along  Seneca  and 
Cayuga  Lakes.  In  this  respect,  the  lake-scenery  presents  a 
remarkable  contrast  to  that  of  the  valleys  lying  beyond  the 
line  of  moraine,  which  are  entirely  typical  in  this  respect. 
The  contrast  is  observed  immediately  on  crossing  the  moraine, 
e.  g.  to  the  south  of  Havana ;  still  better,  along  Cayuta  Creek 
While  the  latter  valleys  are  notched  down  to  the  flood-plain 
level,  every  mile  or  two,  the  lake-side  for  stretches  of  10-15 
miles  seems  like  an  artificially  smoothed  garden-slope. 

Professor  Chamberlin  noticing  this,  suggests  as  a  probable 
view,  that  at  least  one-half  of  the  depth  of  the  old  side-valleys 
has  been  lost  through  the  shearing  action  of  the  glacier  upon 
the  projecting  bluflEs.  The  remainder  of  the  effect  is  due  to 
tilling  with  drift.  This  is  exactly  in  the  direction  of  the 
present  line  of  thought.  But  it  seems  necessary,  in  view  of 
certain  conditions,  to  carry  this  observer's  views  to  a  somewhat 
more  radical  conclusion.     These  conditions  are  the  following: 

The  upper  twenty  miles  of  Seneca  Lake  is  bordered  by  a 
continuous  line  of  cliflf,  varying  from  20  to  100  feet  in  height, 
but  presenting  only  very  gradual  changes  in  level.  As  the 
coast  forms  almost  a  straight  line,  the  inference  is  clear  that  no 
deep  incisions  exist  at  that  level,  or  from  500  to  600  feet  above 
the  lake-bottom — practically,  about  half-way  up  the  valley-side, 
where  the  side-notches  would  have  made  the  deepest  incisions. 
These  remarks  are  intended  to  apply  only  to  such  small,  bat 
deeply  cut  notches  as  would  correspond  to  streams  of  half-a- 
dozen  miles  in  length :  such,  for  instance,  as  may  be  seen  by 
following  the  valley  ten  miles  southwards  from  Watkins. 
Larger  valleys,  joining  the  lake  at  near  the  present  water-line, 
may  be  instanced  ;  Seneca  Lake  has  one  such  at  Dresden, 
which  seems  to  have  formed  the  original  outlet  of  Keiika 
(CJrooked)  Lake  ;  the  Post-glacial  gorge  follows  the  same  route. 
Cayuga  Lake  has  the  valley  of  Salmon  Creek,  opening  at 
Ludlowville,  near  Ithaca,  and  running  some  16  miles  midway 
between  Cayuga  and  Owasco  Lakes.  The  bottoms  of  these 
valleys  contain  a  very  heavy  deposit  of  drift,  but  not  enough 
to  prevent  their  forming  impressive  features  of  the  landscape. 
Other  than  these,  no  important  valleys  enter  the  two  lakes. 
The  fluctuations  in  the  height  of  the  lake-clifis  suggest  that 
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we  may  yet  trace  the  residue  of  the  old  side-notches  in  de- 
graded forms.  The  same  is  suggested  in  places  by  curves  in 
the  higher  landscape. 

As  representing  several  aspects  of  this  discussion,  let  us 
consider  the  case  of  the  valley  at  Dundee,  which  lies  ten  miles 
north  of  Watkins.  Its  banks  are  composed  of  Chemung 
sandstone,  thinly  coated  with  drift ;  they  rise  several  hundred 
feet  above  the  little  valley  at  a  moderate  angle.  The  stream 
runs  in  a  tolerably  direct  course  towards  the  lake  for  about  five 
miles,  with  a  moderate  fall  of  4-20  feet  per  mile.  Passing 
the  village  of  Dundee — where  it  runs  over  rock  for  a  mile — 
the  stream  cuts  under  the  viaduct  of  the  Fall  Brook  railroad, 
and  at  once  begins  a  plunge  of  500  feet,  which  it  accomplishes 
in  less  than  two  miles  by  a  line  of  post  glacial  gorges.  If  it 
could  descend  to  the  bed  of  the  lake,  the  remaining  600  feet 
of  fall  would  be  accomplished  in  one  mile.  Such  a  case 
appears  to  show  (1)  the  loss,  through  lateral  shearing,  of  the 
Dundee  valley,  beginning  at  the  point  where  its  plunge  com- 
mences. The  modem  landscape  suggests  the  same.  (2)  The 
deepening  of  the  main  channel  of  Seneca,  to  an  extent  suflScient 
to  enable  us  to  bring  it  into  correlation  with  such  tributaries 
as  this  upland  stream.  Obviously,  this  implies  a  large  figure — 
several  hundreds  of  feet  both  laterally  and  horizontally. 

In  conclusion,  it  is  worth  notice  that  Dundee  valley,  and 
other  valleys  at  corresponding  heights  across  Seneca  Lake,  on 
the  east  side,  agree  very  fairly  in  elevation  with  the  system  of 
petty  valleys  antedating  Glacial  time  which  empty  into  the 
Chemung  near  Elmira.  The  trough  of  Seneca  Lake  (with 
that  of  Cayuga)  stands  an  exception  to  the  harmony,  and  its 
excessive  depth  is  from  several  points  of  view  irreconcilable 
with  the  hypothesis  of  pure  river-erosion,  with  or  without 
crust-bending. 
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Art.    XV.  —  On    the  Basalts  of  Kula ;  by 
Henry  S.  Washington,  Ph.D. 

The  followinor  pages  are  a  resume  of  an  inaugural  disserta- 
tion presented   by  the  writer  last   July  at  the  University  of 
Leipzig  for  the  degree  of  Ph.D.     The  original  dissertation 
being  of  too  great  a  length  and  containing  too  much  matter 
(historical  and  topographical)   foreign    to    tlie    scope    of  the 
Journal  this  paper  was  prepared  embodying  the  chief   and 
most  interesting  petrographical  facts  and  conclusions.     This 
being   the  case,  the  reader  will  pardon  conciseness   and  the 
omission  of  much  detail,  and  for  further  information  may  be 
referred   to  the  original  which  is  to  appear  shortly  in  New 
York  as  a  separate  pamphlet. 

The  rocks  treated  of  were  collected  by  the  writer  in  the 
spring  of  1802  near  Kula,  a  small  town  of  Asia  Minor,  lyin^ 
about  125'^"™  E.  by  N.  of  Smyrna  in  a  part  of  what  formed 
the  ancient  country  of  Lydia.  This  special  district  was  called 
by  the  Greeks  Katakekaumene — the  Burnt  Country.  It  is  a 
tract,  about  18  miles  long  by  8  wide,  on  the  left  bank  of  the 
Ilermos  River  (now  Gediz  Chai) ;  three  basins  of  tertiary 
limestone,  separated  from  each  other  and  bounded  to  the  south 
by  ridges  of  mica  (and  hornblende)  schist,  while  to  the  north 
are  limestone  hills.  These  basins,  and  the  schistose  ridges,  are 
covered  with  well  shaped  volcanic  cones  and  large  lava  streams 
and  fields,  which  belong  to  three  distinct  periods  of  activity. 
The  earliest  is  represented  by  large  basaltic  sheets,  much  de- 
nuded in  places,  lying  rather  outside  the  basins  proper,  and 
not  treated  of  here.  The  second  period  is  represented  by  over 
thirty  cones,  mostly  on  the  schistose  ridgeSj  the  forms  denuded 
and  somewhat  rounded  and  lowered,  and  covered  with  vege- 
tation, as  are  also  their  lava  streams.  To  the  third  period 
belong  three  large  volcanic  cones — one  in  each  basin — in  an 
exceedingly  fresh  and  unaltered  state,  their  slopes  of  scoriae 
bare  of  vegetation,  and  the  lava  streams  as  black,  fresh,  and 
rugged  as  those  of  the  modern  outflows  of  Vesuvius  or  Etna. 

Tlie  large  cone  of  the  Kula  Basin  (the  easternmost)  is  known 
as  Kula  J)edit^  or  Kula  Inkstand,  the  black  lava  streams 
looking  like  ink  running  from  an  overturned  inkstand.  It  has 
a  height  above  sea  level  of  885  meters,  above  its  base  of  165 
meters,  and  its  outer  sides  slope  at  an  angle  of  30°  30'.  It  is  a 
ty|)ical  cinder  cone,  and  shows  two  craters,  one  smaller  in  the 
southwest  corner  of  the  larger,  and  both  extremely  well  pre- 
served. No  emanations  or  other  signs  of  present  volcanic 
activity  are  to  be  noticed.     It   has  several  lava  streamSy  the 
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largest  running  north  to  the  Hermos  River,  a  distance  of  about 
10^°".  A  few  smaller  third  period  cones  are  to  be  found  in 
the  basin,  and  the  Turks  call  the  whole  field  of  cones  and 
black  lava  Janyk  Task,  Burnt  Rock. 

As  to  the  date  of  their  eruption  we  know  nothing,  histori- 
cally or  traditionally ;  but  as  is  evident  from  their  fresh  and 
unaltered  state,  it  must  have  been  within  historical,  or  very 
recent  quaternary,  times.  For  the  ancient  description  of  the 
district  the  reader  is  referred  to  Strabo,*  and  of  the  very 
scanty  modern  notices  the  best  are  those  of  H.amilton,f  Hamil- 
ton and  Strickland,:!:  and  Tchihatcheff.§ 

The  lavas  of  both  the  second  and  third  period  outflows  are 
to  be  classed  as  hornblendeplagioclase  basalts,  distinguished  by 
the  constant  presence  and  great  relative  quantity  of  the  horn- 
blende, its  peculiar  magmatie  alteration,  the  small  quantity  of 
both  plagioclase  and  olivine,  and  the  large  amount  of  glass 
basis.  They  form  a  distinct  (and  in  some  points  new)  type  of 
the  group,  so  much  so  as  to  be  worthy  of  a  distinctive  name, 
that  selected  being  Kulaite^  the  definition  and  characteristics 
of  which  being  given  later.  They  are  all  very  fine  grained 
conapact  rocks,  gray  or  iron-black  in  color,  and  of  low  specific 

fravity.  Hornblende,  presenting  the  usual  features  of  basaltic 
oiTiblende,  olivine  and  augite,  are  visible  megascopically,  as 
porphyritlcal  crystals.  Occasional  enclosed  fragments  of 
quartz,  clear  and  with  the  usual  fringe  of  augite  needles,  are 
to  be  found,  some  reaching  a  diameter  of  several  centimeters. 
These  are  most  certainly  foreign  enclosures.!  The  lava — 
especially  of  the  third  period — is  vesicular  and  in  some  of  the 
outflows  shows  a  decided  columnar  structure,  in  one  place  on 
the  Hermos  River  the  columns  attaining  a  length  of  six 
meters. 

An  interesting  mineralogical  feature  of  two  of  the  Kula 
Devlit  streams  is  the  presence  of  leucite  in  small  characteristic 
crystals.  This  is  only  the  second  time  that  it  has  been  ob- 
served in  Asia  Minor,  Lacroix^f  having  found  it  in  rocks  from 
Trebizonde.  These  leucitic  basalts  seems  to  have  their  con- 
tinuation in  Persia.  It  is  also  to  be  noted  that  this  is  the  first 
recorded  case  of  its  occurrence  in  hornblende  basalts;  nephe- 
line,  which  is  a  very  frequent  constituent,  not  having  been 
here  observed. 

*  Geography,  xiii,  411. 

f  Researches  in  Asia  Minor,  etc.     London,  1842,  i,  136-140,  ii,  130-150. 
Trans.  Geol.  Soc,  2d  Ser.,  vi.  81. 
Asie  Mineure,  Pt.  IV,  Greologie.     Paris,  1867,  I,  7. 

Throughout  the  paper  the  word  "  enclosure  "  is  used  for  such  foreign  masses 
accidentally  enclosed  in  the  lava  stream,  while  "inclusion"  is  reserved  for  crys- 
tals, etc.,  structurally  included  in  the  other  component  minerals. 
TBull.  Soc.  Geol.  de  France,  xix,  1891,  732. 
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The  component  minerals  may  be  now  described  and  we 
begin  with 

Feldspar. — This  is  constantly  a  plagioclase,  and  is  sparingly 
present.  In  the  second  period  Kulaites  it  is  found  in  lepto- 
raorphic  grains  forming,  with  the  glass  basis,  the  groundmass 
of  the  rock.  In  the  latest  flows,  on  the  contrary,  it  is  con- 
stantly in  the  form  of  lath  shaped  microlites  in  the  glass  basis, 
generally  very  minute,  but  in  some  cases  attaining  a  length  of 
Q. j^mm  They  show  fluctuation  structure  and  seem  to  have  been 
among  the  last  products  of  crystallization,  being  very  spar- 
ingly present  in  the  tachylitic  forms.  This  plagioclase,  but 
very  rarely  porphyritic,  is  shown  by  optical  examination  to  be 
bytownite. 

Augite, — The  largest,  megascopically  visible  crystals  are 
light  greenish  yellow,  and  generally  fragmentary.  The  greater 
part  though  is  in   well  formed  crystals,  from  0*1-0 '4°^  long, 

generally  elongated  parallel  to  c,  and  showing  the  usual  planes. 
They  are  either  colorless  or  of  a  very  pale  fawn  gray,  sometimes 
with  a  core  of  greenish  gray.  The  extinction  is  normal, 
though  in  one  case  as  high  as  43°.  The  prismatic  cleavage  is 
not  well  developed.  As  inclusions  were  seen  glass  and  ground- 
mass,  rarely  hornblende,  and  still  more  rarely  magnetite,  the 
latter  in  a  few  cases  arranged  in  small  grains  parallel  and  close 
to  the  plane  ^(111).  Twins  are  not  common.  The  well 
known  "hourglass"  structure  was  well  developed  and  some 
interesting  modifications  were  noticed.  A  zonal  structure  is 
very  frequent.  Augite  is  also  present  as  a  microlitic  con- 
stituent of  the  groundmass,  scattered  thickly  through  the 
glass  basis,  and  showing  fluctuation  structure. 

Hornblende. — This,  of  all  the  constituent  minerals,  is  the 
most  constant  and  characteristic,  and  oflEers  the  most  points  of 
interest.  It  is  present  in  relatively  large  quantity  in  all  the 
lavas  examined,  in  the  leucitic,  as  well  as  in  the  non-leucitic,  in 
the  pure  tachylytes  and  in  the  basalts  of  a  normal  structure — 
it  is  in  fact  the  stamp  and  seal  of  the  Kula  basalts.  Mega- 
scopically it  is  more  frequent  and  prominent  than  either  the 
augite  or  olivine,  the  crystals  sometimes  reaching  a  length  of 
8™"^,  showing  all  the  usual  characters  of  basaltic  hornblende — 
dark  brown  color,  rounded  edges  and  pitted  surfaces. 

Under  the  microscope  it  is  seen  that  it  is  always  porphyritic, 
never  forming  part  of  the  groundmass.  It  is  well  formed,  in 
short  stout  crystals,  showing  the  usual  planes,  and  with  the 
cleavage  well  marked.  The  color  is  usually  yellowish  brown, 
but  occasionally,  and  this  as  a  rule  in  the  more  glassy  speci- 
mens, it  is  greenish  yellow.  Pleochroism  strong;  (c)  =  dark 
yellowish  brown  ;  {b)  =  yellowish  brown,  {a)  very  pale  gray, 
(c)  >  (J)  >  {a).    The  angle  of  extinction  varies  from  4**  to  14°  30', 


H.  S.  Washington — Basalts  of  Kula,  117 

in  one  case  being  23°.  Zonal  arrangement  of  the  color  is  very 
common  in  the  larger  brown  crystals,  a  dark  core  being  sur- 
rounded by  a  light  zone,  or  rarely  several  zones  alternately 
light  and  dark.  The  dark  core  occasionally  shows  a  corrodea 
outline.  Inclusions  are  not  common,  being  chiefly  glass, 
which  are  frequently  arranged  parallel  to  the  outer  planes  of 
the  crystal,  or  make  up  a  central  core  of  shape  similar  to  that 
of  the  host.     Augite  is  sometimes  seen. 

The  alterations  undergone  by  the  hornblende  are  of  great 
interest  and  will  be  described  at  some  length.  Of  cases  of 
mechanical  distortion  or  simple  corrosion  nothing  need  here 
be  said.  The  chemical  alterations — to  be  ascribed  to  mag- 
matic  action — fall  under  three  heads.  The  first,  observed 
almost  exclusively  in  specimens  of  scoriae,  consists  of  a  simple 
darkening  and  reddening  of  the  original  crystal,  without  any 
change  of  form.  It  need  not  detain  us  here.  The  other  two 
seem  to  be  more  or  less  connected  with  one  another,  and  may 
be  separate  stages  of  one  process,  or  two  similar  processes. 
The  first  consists  of  the  replacement  of  the  hornblende  sub- 
stance by  a  reddish  brown  mineral,  in  small  elongated  crystals, 
accompanied  by  grains  of  colorless  augite  and  black  "opacite;" 
in  the  other  the  outer  part,  or  it  may  be  the  whole,  of  the 
hornblende  crystal  is  changed  into  a  mass  of  augite  and 
opacite  grains.  This  last  is  of  very  frequent  occurrence  in  all 
eruptive  rocks,  though  more  common  in  the  basic  ones,  and 
affects  the  biotite  as  well  as  the  hornblende.  The  nature  of 
the  black  grains  of  the  so-called  '* augite-opacite  aggregate" 
is  not  definitely  known,  but,  with  most  observers,  the  writer  is 
inclined  to  think  them  magnetite.  Though  very  frequently 
the  original  form  of  the  crystal  is  scarcely  changed,  yet  in 
some  specimens  from  a  second  period  stream,  obtained  from  a 
well-digging,  at  a  depth  of  about  35^",  the  hornblende  "  pseu- 
domorphs,"  as  they  have  been  called,  have  lost  their  original 
shape,  and  are  reduced  to  spheroidal  or  ovoidal  masses,  or  as 
one  writer  puts  it,  looks  "  as  if  they  had  melted  and  run  " — a 
nataral  consequence  of  the  action  of  a  moving  lava  stream  on 
the  granular,  and  probably  not  very  coherent,  mass  of  altera- 
tion products. 

The  alteration  to  "  brown  mineral  aggregate,"  on  the  con- 
trary, is  of  quite  rare  occurrence,  only  thirteen  references  to 
it  having  been  found  in  the  range  of  petrographical  literature. 
Its  geographical  range  is  large,  though,  as  first  noticed  by 
Zirkel,*  in  1870,  in  some  Eibel  basalts,  it  has  since  been  found 
(always  in  hornblende  basalts)  in  Saxony,  the  Rhone,  Palma, 
Syria,  Madagascar,  Kilimandjaro,  and  Cabo  de  Gata  in  Spain. 
It  has  never  been  observed  in  biotite. 

*  Basaltgesteine,  p.  26.     Cf.  Rosenbusch  Mik.  Phys.,  3»«  Aufl.,  i,  5C0. 


118  H.  S.  Washington — Basalts  of  Kvla. 

The  characteristic  feature  of  this  alteration  is  a  reddish 
brown  mineral  in  small  "  club-shaped  "  crystals,  not  scattered 
pell-mell  through  the  accompanying  augite  and  opacite  grains, 
but  forming  a  sort  of  network,  the  crystals  lying  at  angles  of  about 
60°  with  each  other,  and  two  sets  also  at  the  same  angle  with 
the  prismatic  edges  of  the  hornblende  crystal.  At  the  end  of 
the  hornblende  crystal  the  small  brown  bodies  are  generally 
arranged  in  slightly  diverging  fan-shaped  tufts,  spreading 
inwards.  Definite  crystallographic  planes  cannot  be  made  out, 
though  the  blunt  pointing  of  the  terminations  indicates  a  dome. 
The  pleochroism  is  very  strong,  vibrations  parallel  to  the  long 
axis  olive  green  (the  least  absorption),  and  at  right  angles  to 
this  respectively  light  brown,  and  very  dark  red  brown  (the 
greatest  absorption).  The  extinction  noted  was,  in  every  case, 
parallel  to  the  long  axis — in  this  point  alone  my  observations 
differing  from  those  previously  made,  other  writers  noting 
extinction  angles  of  from  ''parallel  or  little  inclined*  (Palraa) 
to  maxima  of  20°f  (Kilimandjaro)  and  25°J  (Syria)."  It  must 
be  remarked  that  in  the  Kulaites  the  opportunities  for  observa- 
tion seem  to  have  been  far  superior  to  any  others,  the  crystals 
being  of  fair  size,  quite  distinct  from  each  other,  and,  the 
slides  being  well  made,  of  fairly  light  color.  Filling  the  inter- 
stices between  the  brown  crystals  are  grains  of  colorless  augite 
and  opacite. 

This  form  of  alteration,  like  the  other,  begins  at  the  surface 
of  the  hornblende,  or  along  cracks,  and  thence  spreads  in- 
wards. It  seems  to  show  a  preference  for  the  dark  variety  of 
brown  hornblende  (the  green  never  being  so  altered),  and  fre- 
quently the  dark  core  is  altered  while  the  outer  light  zone  is 
unchanged, — apparently  having  been  deposited  after  alteration 
took  place  in  the  core.  A  striking  fact  in  connection  with 
this,  as  with  the  preceding,  form  of  alteration  is  the  perfect 
manner  in  which  the  hornblende  crystal  has,  as  a  rule,  pre- 
served its  form,  while  undergoing  such  a  profound  change  of 
substance.     This  will  be  referred  to  later. 

It  has  already  been  said  that  these  two  forms  of  alteration 
seem  to  be  separate  stages  of  one  general  process.  It  is  cer- 
tainly true  that  the  simple  augite  opacitic  type  follows  on  the 
other  in  many  cases,  and  numerous  examples  were  noted 
where  are  to  be  seen  a  core  of  unchanged  hornblende,  then  a 
zone  of  the  '''  brown  mineral  aggregate,"  and  last  on  the  out- 
Hide  a  Him|)le  augite-opacite  border.  Or  again,  the  central  core 
of  hornblende  has  entirely  disappeared,  giving  place  to  the 

♦  van  Werveke,  Neues  Jahrb.,  1879,  825. 
f  Hyland.  Miii.  pet.  Mitth.,  x,  1888,  2H8. 
\  DoHH.  Min.  pet.  Mitth.,  vii,  1886,  515. 
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*'  brown  mineral  aggregate  "  with  a  surrounding  augite-opacite 
zone. 

Two  questions  present  themselves  for  solution,  and  answers 
to  them  are  now  attempted.  What  is  this  peculiar  "  brown 
mineral?"  What  is  the  cause  of  the  alterations,  and  of  the 
diflEerence  in  the  two  "  stages  ?" 

Brown  mineral. — In  regard  to  the  first  it  may  be  premised 
that  the  nature  of  the  mineral  is  so  far  not  certain.  Nearly 
all  observers  call  it  hornblende,  with  more  or  less  confidence, 
basing  this  conclusion  chiefly  on  the  usually  observed  slightly 
oblique  extinction.  As  has  been  seen,  in  the  Kula  basalts  the 
extinction  was  always  parallel,  and,  however  the  discordant 
results  of  other  observers  may  be  explained  (as  they  can  be  to 
some  extent),  the  writer  gives  it  as  his  opinion  that  the  mineral 
in  question  is  hypersthene,  basing  this  conclusion  on  the  fol- 
lowing facts : 

a.  The  unanimous  results  of  all  experiments  made  show 
that  melted  hornblende  on  cooling  crystallizes  invariably  as 
augite.*^  "  It  is  hard  to  see  how  this  tendency  can  be  over- 
come." 

b.  The  color  and  pleochroism  of  the  brown  crystals  agrees 
perfectly  with  that  of  hypersthene,  calling  the  axis  of  greatest 

length  6',  as  is  also  usually  the  case  with  hypersthene. 

€.  The  constant  parallel  extinction  observed  by  me  indicates 
an  orthorhombic  mineral  and  points  to  hypersthene. 

d.  On  the  theory  that  the  crystals  are  hornblende  the 
arrangement  at  angles  of  60°  with  one  another  is  very  diflScult 
of  explanation.  In  hypersthene  however  we  find  that  the 
dome  101  is  a  twinning  plane,  giving  an  angle  between  the 
two  c  axes  of  60°  58',  and  such  twinned  needles  of  hypers- 
thene have  been  observedf  in  andesite  from  Bukowina.  The 
case  of  similarly  twinned  rutile  needles  (sagenite)  may  be  re- 
called. 

e.  Augite  and  hornblende  tend  to  crystallize,  when  together, 
in  parallel  position,  and  when  we  use  the  pleochroism  as  a 
means  of  orientation  we  find  that  if  the  crystals  are  hypers- 
thene their  a  (100)  corresponds  with  that  of  the  hornblende 
when  the  c  axes  are  parallel. 

f.  The  alteration  of  hornblende  to  hypersthene  (along  with 
feldspar,  augite  and  magnetite)  has  been  several  times  ob- 
served, as  in  andesites  from  Mexico,  Arequipa  in  Peru,  and 
Cabo  de  Gata,  the  rhombic  pyroxene  in  the  latter  case  being 
called  bronzite. 

It  must  be  added  that  the  unsatisfactory  and  indetermina- 
tive  result  of  a  chemical  analysis  of  a  dark  spot  containing 

*Cf  Becker,  Zeits.  d.  d.  geol.  Ges.,  xxxvii,  1886,  p.  10. 
f  Becke,  Min.  pet.  Mitth  ,  vii,  9:i. 
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mucli  brown   mineral   was,   if  anything,   rather  against  the 
hypersthene  theory. 

Causes  of  alteration. — We  now  come  to  the  question  of  the 
causes  of  the  two  kinds  of  alteration.  The  limits  of  the 
present  article  will  not  allow  us  to  go  into  detail  on  this  sub- 
ject but  some  space  may  be  devoted  to  the  phenomena  to  be 
explained  and  a  sketch  of  the  possible  explanation  proposed. 
The  facts  are  as  follows :  The  brown  hornblende  is  more  sub- 
ject to  both  forms  of  alteration  than  the  green,  and  it  is  often, 
but  not  necessarily,  changed  first  to  *'  brown  aggregate,"  and 
this  to  the  simpler  augite-opacite  aggregate.  The  changes 
begin  at  the  surface,  or  along  cracks,  of  the  hornblende,  and 
thence  work  inwards,  and  when  along  cracks  no  contact  with 
the  molten  magma  exists.  Both  alterations  occur  with  neces- 
sarily no  marked  change  of  form  in  the  original  crystal.  A 
layer  of  fresh  hornblende  can  be  deposited  on  substance  altered 
to  brown  aggregate,  but  has  not  been  observed  on  that  other- 
wise altered.  Both  alterations  are  more  common  in  the  basic 
volcanic  rocks,  and  are  the  more  marked  the  less  glassy  the 

f  round  mass.  The  "brown  aggregate"  alteration  seems  to 
ave  taken  place  at  a  greater  depth  than  the  other. 
A  number  of  explanations  have  been  given  varying  from 
the  vague  general  idea  of  "corrosive  action  of  the  molten 
magma  "  to  the  statement  that  the  hornblende  crystal  has  been 
melted  or  dissolved,  and  the  new  alteration  product  (?)  depos- 
ited in  its  place.  Lack  of  space  forbids  an  examination  of 
them  here,  but  it  may  be  remarked  that  the  perfect  preserva- 
tion of  the  crystalline  form  precludes,  in  the  writer's  mind, 
any  possibility  of  fusion  or  solution  of  the  hornblende  in  a 
molten  moving  magma.  To  sum  up  it  may  be  stated  in  brief 
that  all  the  theories  proposed  are  too  vague  or  too  improbable 
to  be  admitted  as  true. 

The  writer's  idea  in  regard  to  the  formation  of  the  brown 
aggregate  is  that  occluded  hydrogen  (produced  by  dissociation 
of  the  water  almost  always  present  in  lavas)  acts  as  a  powerful 
reducing  agent,  changing  the  Fe,0,  of  the  original  brown 
hornblende  to  FeO,  and  under  certain  conditions  of  high 
temperature  and  pressure  (with  probably  others)  giving  rise  to 
a  mixture  of  the  ferrous  magnesian  silicate,  nypersthene, 
along  with  augite  and  magnetite.  This  process,  it  will  be 
observed,  requires  no  fusion  or  solution  of  the  hornblende. 

A  chief  factor  in  the  formation  of  the  augite-opacite  aggre- 
gate the  writer  looks  for  in  a  simple  molecular  change  (similar 
to  that  of  monoclinic  to  rhombic  sulphur,  etc.)  under  certain 
conditions,  among  which  are  probably  the  chemical  constitu- 
tion of  the  magma  and  a  slow  rate  of  cooling,  with  certainly 
a  high  temperature. 
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These  theories  are,  it  is  admitted,  but  probable,  not  certain, 
and  for  the  further  discussion  of  the  subject  the  reader  must 
be  referred  to  the  original  dissertation. 

Other  minerals, — The  other  mineral  constituents  need  not 
detain  us  long.  The  olivine  is  very  sparingly  present,  and 
offers  no  special  features  of  interest.  Two  cases  of  inclusions 
of  black  trichites,  in  groups,  were  noticed — a  rare  occurrence 
in  basaltic  olivine.  The  magnetite  of  the  groundmass  is 
always  in  very  small  grains,  rarely  reaching  a  diameter  of 
Q.jmm  rjijjg  most  interesting  feature  of  its  occurrence  is  that 
in  the  least  glassy  Kulaites  the  magnetite  grains  are  very 
abundant  and  the  glass  basis  perfectly  colorless,  while  as  the 
rock  becomes  more  glassy  the  quantity  of  magnetite  decreases 
and  the  glass  assumes  a  brown  hue,  till  tinally  in  the  pure 
tachylytes  no  magnetite  is  to  be  seen  and  the  glass  is  of  a  clear 
dark  chocolate  brown  color.  This  seems  to  show  that  in  these 
rocks  the  magnetite  is  among,  if  not  quite,  the  last  of  the 
minerals  to  crystallize  out.  Its  rarity  as  an  inclusion  points 
the  same  way.  It  may  be  noted  that  Judd*  observed  exactly 
the  opposite  state  of  affairs  in  the  Tertiary  gabbros  and  basalts 
of  western  Scotland.  The  leucite  offers  no  special  features  of 
interest  That  apatite  is  present  is  shown  by  the  presence  of 
P,Oj  in  the  analyses,  but  crystals  of  it  were  not  certainly  seen, 
except  a  few  large  ones,  which  are  certainly  derived  from 
enclosures  of  foreign  rock. 

General  description  of  the  rocks, — All  the  basaltic  rocks  of 
the  Kula  district  are  very  similar  to  one  another  in  composition 
— chemical  and  mineralogical, — as  well  as  in  the  habit  of  their 
mineral  components,  and  form  a  good,  though  small,  example 
of  a  so-called  "  petrographical  province."  Structurally  they 
may  be  divided  into  normal,  hyalopilitic,  semi-vitreous,  and 
tachylytic  basalts,  these  subdivisions  shading  off  into  one 
^another. 

To  the  first  of  these  belong  the  specimens  of  the  second 
period  streams — light  gray,  rough  fine  grained  rocks,  of  aver- 
age sp.  gr.  2*756,  with  porphyritic  augite  and  olivine.  Under 
the  microscope  they  show  a  groundmass  of  glass  and  lepto- 
morphic  plagioclase  grains  containing  many  microlites  and 
magnetite,  with  small  porphyritical  augite  and  olivine  crystals, 
and  numerous  hornblende  crystals,  which  have  all,  without 
exception,  undergone  alteration,  generally  completely  to  a  mass 
of  augite  and  opacite.     Hounded  forms  are  quite  common. 

The  third  period  basalts  are  more  glassy,  and  a  hyalopilitic 
structure,  of  quite  typical  development,  is  common,  the  micro- 
lites being  plagioclase  laths,  augite  needles,   and   magnetite 

*Q.  J.  Geol.  Soc,  1886,  79. 


122  H.  S.  Washington — Basalts  of  K%Ua. 

grains,  with  some  trichites.  Phenocrysts,  of  hornblende, 
augite  and  olivine,  are  abundant,  the  first  being  generally 
altered  to  the  "  brown  aggregate  "  stage.  Those  of  a  "  serai- 
vitreous"  structure  have  a  pitchy  luster.  In  them  the  ground- 
mass  shows  a  largely  preponderating  quantity  of  clear  cinna- 
mon brown  glass,  and  they  have  lost,  with  reduced  number  of 
raicrolites,  the  hyalopilitic  structure  of  the  preceding.  Some 
greenish  hornblende  appears,  but  this,  as  well  as  the  brown,  is 
commonly  free  from  alteration,  and  the  alteration  when  present 
is  always  to  "brown  aggregate."  The  tachylytes  are  very 
compact,  jet  black,  with  a  vitreous  luster,  many  specimens 
looking  like  anthracite.  They  consist  almost  wholly  of  a  clear 
dark  chocolate  brown  glass,  often  streaked.  Very  few  raicro- 
lites and  no  magnetite  are  present.  Phenocrysts  are  repre- 
sented by  large  augites  and  hornblende  crystals,  the  latter 
frequently  showing  a  zonal  structure,  but  always  fresh  and 
unaltered,  both  brown  and  green,  the  latter  having  become 
more  frequent.  Olivine  is  very  rare.  The  average  sp.  gr.  of 
the  hyalopilitic  type  was  found  to  be  2*655,  of  the  semi-vitreous 
2*704,  and  of  the  tachylytes  2*721.  Two  lava  streams  of  Kola 
Devlit  are  leucitic  They  are  both  hyalopilitic  in  structure, 
and,  apart  from  the  presence  of  leucite  in  not  very  abundant, 
small  crystals,  are  not  markedly  different  from  the  non-leucitic 
type.     Their  sp.  gr.  is  2*719. 

The  following  may  be  selected  as  typical  analyses  out  of 
those  made  for  me  by  Dr.  A.  Rohrig  of  Leipzig. 

A.  B.  C. 

H,0  (Ign.) 0  02  0*46  0*04 

SiO, 48-24  47*50  47*74 

Al^O, ...    20-64  19*32  20*95 

Fe.O,... 4-63  4-75  3*29 

FeO 5-55  5*20  6*32 

CaO 7-94  R-37  7*56 

MgO 5-02  4*36  5*16 

Na,0 5*08  7*63  7*12 

K/> 1-88  2-31  1-21 

PO.    0-97  0-21  0*13 


2        6 


\ 


99-97  100*11  99-62 

A  =  Second  period  Kulaite  from  well-digging  in  Kula.    Sp.  gr.  = 

2-733. 
B  =  Third  period.    Early  stream  of  Kula  Devlit.  Sp.  gr.  =  2*704. 
C  =  Third    period.      North   stream  of  Kula   Devlit,      Leucitic. 

Sp.  gr.  =  2-736. 

The  mutual  similarity  is  most  marked,  but  nothing  special 
need  here  be  said,  except  to  call  attention  to  the  small  quantity 
of  K,0  in  the  leucitic  specimen,  analysis  C. 
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A  few  words  on  the  bestowal  of  a  name  on  these  rocks. 
While  deprecating  the  too  free  use  of  new  names,  yet  in  this 
case  the  writer  deems  it  justifiable.  In  all  the  Kula  basalts 
the  hornblende  plays  the  leading  role,  surpassing  in  constancy, 
invariability,  and  quantity  the  augite,  olivine  or  feldspar.  It 
is  not  of  secondary  importance,  as  in  most  hornblende  basalts, 
but  of  the  first  importance  among  all  the  mineral  constituents. 
The  name  chosen  is  Kulaite,  and  by  this  we  may  understand  a 
sub-group  of  the  basalts  which  is  characterized  by  the  invari- 
able presence  of  hornblende  as  an  essential  constituent,  which 
also,  both  in  quantity  and  petrographical  importance,  surpasses 
the  augite ;  in  other  words  to  a  Targe  extent  replaces  the  latter. 
We  can  call  such  a  plagioclase-basalt  kulaite,  having  the  further 
subdivisions  of  leucite-kulaite  (as  just  seen),  and  nepheline- 
kulaite. 

In  addition  to  the  volcanic  rocks  just  described  a  number  of 
metamorphic  schists,  serpentine,  diorite  from  a  dyke  in  the 
schist,  and  foreign  rock  enclosed  in  the  basalt  were  examined. 
It  may  be  added  that  the  writer  hopes  to  revisit  the  region  the 
coming  spring,  when  a  longer  stay  will  be  made,  and  data  and 
specimens  from  the  whole  of  the  Katakekaumene  will  be  col- 
lected. The  writer  desires  to  return  his  warmest  thanks  to 
Prof.  Dr.  Zirkel  of  Leipzig  for  his  very  kind  advice  and 
assistance  and  to  Prof.  E.  S.  Dana  for  his  kind  advice. 

Navesink,  N.  J  ,  Nov.  11,  1893. 


Art.    XVI. — The  Fishing  Banks  hetween    Cape    Cod  and 
Newfoundland ;  by  Warren  Upham.* 

Along  a  distance  of  about  a  thousand  miles  east  northeast- 
ward from  Cape  Cod  the  submarine  border  of  the  North 
American  continent  presents  very  remarkable  irregularities  of 
contour.  The  sea  bed  there  in  its  descent  from  the  present 
coast  lines  to  the  abyssal  depths  of  the  North  Atlantic  Ocean 
differs  entirely  from  the  smooth  and  gently  inclined  plane  of 
the  submerged  continental  slope  along  its  next  thousand  miles 
south  to  the  Strait  of  Florida  and  the  Bahama  Islands.  In- 
stead we  find  by  soundings  from  Cape  Cod  to  the  Grand  Bank 
of  Newfoundland  that  this  section  of  our  coast  has  a  profusion 
of  submerged  hills  and  broad  plateaus,  elevated  from  100  to 
1000  feet  above  the  intervening  valleys  and  adjacent  low  por- 
tions of  the  sea  bed,  from  which  they  rise  nearly  to  the  sea 

*  From   the  Proceedings  of  the  Boston  Society  of  Natural  History,  vol.  xxvi, 
pp.  42-48,  for  March  16,  1893. 
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level  but  only  in  a  single  instance  reach  abore  it,  forming 
Sable  Island.  These  plateaas,  covered  by  water  ranging 
mostly  from  10  to  50  fathoms  in  depth,  sustain  laxariant  sub- 
marine vegetation,  abundant  moUuscan  life,  and  vast  schools 
of  cod,  haddock,  mackerel,  halibut,  and  other  food  fishes, 
which  almost  from  the  time  of  first  discovery  and  exploration 
of  this  coast  have  caused  its  submerged  plateaus  to  be  the  site 
of  important  fisheries  and  thence  to  be  known  as  Fishing 
Banks. 

In  their  order  from  southwest  to  northeast,  the  more  exten- 
sive of  these  plateaus  are  the  St.  George's,  Western  or  Sable 
Island,  Banquereau,  St.  Pierre,  and  Green  Banks,  and,  most 
northeastern  and  by  far  the  largest,  the  Grand  Bank  of  New- 
foundland. 

St.  George's  Bank,  more  frequently  called  simply  George's 
Bank  by  the  Gloucester  fishermen  whose  fleet  of  hundreds  of 
schooners  is  mostly  employed  in  fishing  there,  extends  a  hun- 
dred and  seventy  five  miles  east  from  Nantucket  and  Cape 
Cod,  being  connected  with  the  Nantucket  shoals  by  an  isthmus 
which  has  about  40  fathoms  of  water.  The  area  of  St. 
George's  Bank  above  the  50  fathom  contour  line  exceeds  that 
of  the  State  of  Massachusetts,  and  has  a  width  of  about  a  hun- 
dred miles  from  northwest  to  southeast.  George's  Shoal,  on 
the  northwestern  part  of  this  plateau,  has  two  spots  with  only 
12  feet  of  water ;  while  twenty  miles  west  from  that  highest 
portion  of  St.  George's  Bank,  it  rises  again  in  the  Cultivator 
Shoal  to  18  feet,  or  only  3  fathoms,  below  the  sea  level. 
About  these  shoals  the  ground  swells  of  great  storms  break 
with  nearly  as  much  grandeur  and  danger  to  shipping  as  on  a 
coast  line.  The  surface  of  the  bank,  as  shown  by  the  sound- 
ings of  the  IT.  S.  Coast  Survey,  "is  covered  with  pebbles  and 
small  stones,  excepting  shallow  portions  and  pot-holes,  where 
the  material  ground  down  by  the  sea  has  accumulated."* 

North  of  St.  George's  Bank,  the  Gulf  of  Maine  occupies  an 
area  of  about  36,000  square  miles,  of  which  nearly  a  third  part 
exceeds  100  fathoms  in  depth,  the  average  for  the  whole  being 
estimated  not  less  than  75  fathoms.  The  maximum  depth  of 
the  western  part  of  the  Gulf  of  Maine  is  180  fathoms,  found 
46  miles  east  of  Cape  Ann  ;  and  of  its  eastern  part,  at  a  dis- 
tance of  a  hundred  miles  east-southeast  from  the  last,  199 
fathoms,  this  being  close  north  of  George's  Bank,  in  latitude 

*"  Physical  hydrography  of  the  Gulf  of  Maine."  Report  of  the  U.  S.  Ooast 
and  Geodetic  Survey,  for  the  year  ending  June,  1879,  pp.  176-190.  "  A  plea  for  a 
light  on  St.  George's  Bank."  Appendix  No.  1 1,  ibid.,  for  year  ending  June,  1886, 
pp.  483-485.  The  contour  of  the  Fishing  Banks,  as  here  described,  is  shown  by 
Kldridge's  Chart  from  Cape  Cod  to  Belle  Isle,  1887  (pubhshed  by  S.  Thaxter  & 
Son,  125  State  St.,  Boston). 
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42°  20'  and  longitude  67°  20'.  At  the  mouth  of  this  gulf, 
between  the  northeastern  border  of  George's  Bank  and  Brown's 
Bank,  of  comparatively  small  area,  which  lies  halfway  thence 
to  Cape  Sable,  N.  S.,  the  soundings  are  from  150  to  lYO 
fathoms. 

Brown's  Bank  is  covered  by  water  from  26  to  50  fathoms 
deep,  and  on  its  north  side  water  of  60  to  80  fathoms  divides 
it  from  Nova  Scotia.  Three  other  small  plateaus  lie  within 
the  next  hundred  and  fifty  miles  eastward. 

Continuing  in  this  direction,  the  large  Western  Bank  and 
Banquereau  stretch  two  hundred  and  fifty  miles  east-northeast, 
varying  from  50  to  75  miles  in  width,  and  separated  by  a 
breadth  of  25  to  a  hundred  miles  of  deep  water  from  the 
eastern  part  of  Nova  Scotia  and  from  Cape  Breton  Island. 
On  the  east  h^lf  of  tlie  Western  Bank  its  highest  portion  is 
the  wave-built  broad  sand  beach  of  Sable  Island,  about  25 
miles  long  from  west  to  east,  heaped  in  dunes  by  the  winds. 
Between  Banquereau  and  Cape  Breton  Island  are  some  half  a 
dozen  small  banks,  of  which  the  Misaine,  about  sixty  miles 
long,  is  the  largest  and  extends  farthest  northeast. 

Next  eastward  the  now  deeply  submerged  preglacial  valley 
of  the  River  St.  Lawrence  lies  at  a  depth  of  260  to  300 
fathoms,  showing,  as  Prof.  J.  W.  Spencer  has  well  pointed  out, 
that  before  the  Ice  age  this  part  of  North  America  was  ele- 
vated at  least  from  1500  to  2000  feet  above  its  present  height.* 

Beyond  this  great  submarine  valley  the  St.  Pierre  Bank, 
covered  by  only  from  22  to  50  fathoms  of  water,  reaches  about 
a  hundred  and  twenty-five  miles  from  northwest  to  southeast, 
with  a  width  of  80  to  60  miles.  On  the  north  this  bank  is 
divided  from  the  Miquelon  Islands  by  water  from  61  to  68 
fathoms  deep. 

Soundings  of  from  80  to  96  fathoms  separate  the  St.  Pierre 
from  Green  Bank,  of  which  the  latter  has  a  length  of  about 
60  miles  from  north  to  south  with  half  as  great  width,  being 
in  its  turn  separated  from  the  Grand  Bank  by  water  of  64: 
fathoms.  Farther  east  the  deep  water  between  Cape  Race, 
Newfoundland,  and  the  Grand  Bank  is  mostly  from  80  to  100 
fathoms,  and  in  one  place  115  fathoms.  On  the  northwest, 
however,  Placentia  Bay  of  Newfoundland  has  maximum 
soundings  of  from  125  to  147  fathoms,  being  thus  probably  67 
fathoms  deeper  than  any  outlet  from  it  to  the  depths  of  the 
North  Atlantic. 

The  Grand  Bank  has  approximately  the  outline  of  an  equi- 
lateral triangle  measuring  from  275  to  800  miles  on  each  side, 

*  ''The  high  contmental  elevation  preceding  the  Pleistocene  period."  Bulletin 
G.  S.  A.,  vol.  i,  1890,  pp.  65-70,  with  map  of  the  preglacial  Laurentian  river. 
Also  in  the  Geol.  Mag.,  Ill,  vol.  vii,  1890,  pp.  208-212. 


126  W,  Upham — Fishing  Banks, 

or  very  nearly  the  same  as  the  far  more  irregular  area  of  New- 
foundland. Its  depth  of  water  ranges  mainly  from  25  to  50 
fathoms,  and  its  shallowest  places  are  found  along  the  northern 
edge,  on  which  are  the  Virgin  Rocks,  with  only  from  4  to  10 
fathoms ;  the  rocky  eastern  shoals,  stated  to  be  30  in  number, 
with  from  5  to  25  fathoms,  but  having  channels  of  from  40  to 
50  fathoms  between  them  ;  and,  farther  east,  Ryder's  Bank, 
with  only  3J  fathoms,  though  surrounded  by  from  38  to  40 
fathoms  of  water.  The  western  part  of  the  Grand  Bank  con- 
tains an  apparently  enclosed  basin,  about  fifty  miles  long, 
called  Whale  Deep,  which  has  maximum  soundings  of  from 
60  to  67  fathoms,  with  a  muddy  bottom.  Northward  from 
this  basin  a  distance  of  twelve  miles,  with  soundings  from  48 
to  53  fathoms,  divides  it  from  the  deep  water  outside  the 
bank ;  and  on  the  south  30  miles,  with  mostly  about  60  fathoms 
of  water,  lie  between  the  Whale  Deep  and  the  steep  descent 
into  the  abyssal  ocean. 

If  this  portion  of  the  continental  border  from  Cape  Cod  to 
the  Grand  Bank  southeast  of  Newfoundland  could  be  again 
uplifted  as  when  the  St.  Lawrence  in  preglacial  times  flowed 
out  to  sea  between  the  highlands  which  now  form  the  Misaine, 
Banquereau,  and  St.  Pierre  Banks,  we  should  behold  nearly 
as  much  diversity  of  valleys,  ridges,  hills,  plateaus,  and  all  the 
forms  of  subaerial  land  erosion,  as  is  exhibited  by  any  portions 
of  the  adjacent  New  England  states  and  eastern  provinces  of 
Canada.  During  a  long  time  of  high  elevation  closing  the 
Tertiary  era  and  initiating  the  Quaternary,  this  region  was 
eroded  by  rains,  rills,  brooks,  and  rivers,  cutting  such  profound 
chasms  as  the  sublime  Saguenay  fjord,  reaching  800  feet  below 
the  sea  level  and  enclosed  by  precipitous  rock  walls,  1500  feet 
high,  until  the  cold  climate  induced  by  the  increasing  altitude 
covered  the  land  with  an  ice-sheet  which  gradually  became 
thousands  of  feet  thick  and  at  last  by  its  weight  appears  to 
have  brought  about  the  Cham  plain  depression,  the  return  of  a 
temperate  climate,  and  the  final  melting  of  the  ice.  The  sub- 
merged channels  of  outlet  from  the  Gulf  of  Maine  and  the 
Gulf  of  St.  Lawrence,  and  the  less  profound  valleys  that  divide 
the  Fishing  Banks  from  each  other  and  from  Nova  Scotia  and 
Newfoundland,  with  the  distinct  stream  courses  revealed  by 
soundings  on  all  the  larger  banks,  as  St.  George's,  Western, 
Banquereau,  St.  Pierre,  and  the  Grand  Bank,  prove  that  this 
region  during  a  comparatively  late  period  of  geologic  time 
was  a  land  area,  its  maximum  elevation  being  at  least  2,000 
feet  higher  than  now. 

That  the  period  of  uplift  was  the  late  Tertiary  and  early 
Quaternary  is  shown  by  the  age  of  the  strata  which,  beneath  a 
thin  envelope  of  glacial  drift,  form  these  submarine  banks.     In 
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1877  Prof.  C.  H.  Hitchcock  suggested  that  the  Fishing  Banks 
are  of  Tertiary  age  ;^  and  much  earlier  Agassiz  had  taught  his 
classes  that  they  must  consist  superficially  of  drift,  the  eastern 
continuation  or  the  drift  sheet  of  the  northern  United  States 
and  of  Canada.  Both  these  theories  were  fully  justified  in 
1878,  when  in  the  service  of  the  U.  S.  Commission  at  (rloucester, 
Mass.,  I  gathered  from  the  fishermen  of  that  port  many  speci- 
mens of  rocks  that  had  been  brought  up  from  the  bottom  of 
the  Fishing  Banks  by  their  lines  becoming  entangled  in  the 
coralline  growths  attached  to  these  rock  masses.  A  large  pro- 
portion of  the  stones  so  drawn  up  are  rounded  and  snbangular 
fragments  of  granitic,  gneissic,  and  schistose  rocks,  evidently 
transported  to  their  present  position  through  the  agency  of 
ice,  either  by  an  ice-sheet  during  the  Glacial  period,  as  was 
doubtless  true  for  a  large  part  of  this  drift,  or  by  icebergs  and 
floes,  which  still  are  contributing  yearly  to  the  drift  of  the 
Grand  Bank,  Apparently  a  smaller  proportion,  but  more 
likely  to  be  brought  ashore  by  the  fishermen,  consists  of  fossil- 
iferous  sandstone  and  limestone,  often  well  filled  with  shells  or 
with  their  empty  casts.  Many  of  these  fossiliferous  rock  frag- 
ments, varying  from  one  pound  to  a  hundred  pounds  or  more 
in  weight,  were  collected  and  submitted  to  Prof.  A.  E.  Verrill 
for  determination  of  their  species,  concerning  which  he  wrote 
as  follows  in  this  Journal  for  October,  1878  (III,  vol.  xvi,  pp. 
323-324). 

Among  the  most  important  results  of  the  investigations  made 
by  the  party  connected  with  the  U.  S.  Fish  Commission,  stationed 
at  Gloucester,  Mass.,  during  the  present  season,  is  the  discovery 
of  fragments  of  a  hitherto  unknown  geological  formation,  appar- 
ently of  great  extent,  belonging  probably  to  the  Miocene  or  later 
Tertiary.  The  evidence  consists  of  numerous  large  fragments  of 
eroded,  but  bard,  compact,  calcareous  sandstone  and  arenaceous 
limestone,  usually  perforated  by  the  burrows  of  Saxicava  rugosa, 
and  containing  in  more  or  less  abundance  fossil  shells,  fragments  of 
lignite,  and  in  one  case  a  spatangoid  sea-urchin.  Probably 
nearly  one-half  of  the  species  are  northern  forms,  still  living  on 
the  New  England  coast,  while  many  others  are  unknown  upon 
our  coasts  and  are  apparently,  for  the  most  part,  extinct.  From 
George's  Bank  about  a  dozen  fossiliferous  fragments  have  been 
obtained,  containing  more  than  twenty-five  distinct  species  of 
shells.  Among  these  one  of  the  most  abundant  is  a  large  thick 
bivalve  (Isocardia)  much  resembling  Cyprina  Isla^idica  in  form, 
but  differing  in  the  structure  of  the  hinge.  This  is  not  known 
living.  Mya  truncata^  Misatella  Americana^  and  the  genuine 
Cyprina  are  also  common,  together  with  a  large  Natica^  a  Cydo- 
cardia   (or    Venericardia)    allied   to  (7.  borealis  (Con.),  but  with 

*Ge<dogy  of  New  Hampshire,  vol.  ii,  p.  21. 
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smaller  ribs,  Cardium  Islandiciitn ,  and  also  various  other  less 
common  forms.  These  fragments  came  from  various  parts  ol  the 
bank,  including  the  central  part,  in  depths  varying  from  35  to  70 
fathoms,  or  more. 

From  Banquereau,  N.  S.,  we  received  one  specimen  of  similar 
rock,  containing  abundant  fragments  of  a  large  bivalve,  and 
about  a  dozen  other  species,  among  which  are  Fuaua  (  Chrysodo- 
ntvs)  decenicostatus,  Latlrus  alhua  Jeff.  (?),  unknown  species  of 
Thirritella,  etc.  From  the  Grand  Bank  two  similar  specimens 
were  received.  One  of  these,  from  thirty-five  fathoms,  lat.  44° 
30',  long.  50°  15',  contained  numerous  specimens  of  Cyprina 
Islandica  in  good  preservation. 

At  present  it  appears  probable  that  these  fragments  have  been 
detached  from  a  very  extensive  submerged  Tertiary  formation,  at 
least  several  hundreds  of  miles  in  length,  extending  along  the 
outer  banks,  from  off  Newfoundland  nearly  to  Cape  Cod,  and 
perhaps  constituting,  in  large  part,  the  solid  foundations  of  these 
remarkable  submarine  elevations. 

The  collections  here  described,  belonging  to  the  U.  S.  Fish 
Commission,  are  under  Professor  VerrilPs  care  in  the  Yale  Uni- 
versity museum  ;  but  no  further  investigation  of  them  has  been 
made.  It  has  been  my  hope  to  secure  another  similarly  lai^ 
collection  and  to  give  it  attentive  study,  but  other  duties  have 
prevented  this.  Though  the  fishermen  doubtless  now  draw  up 
on  their  lines  as  many  of  these  specimens  of  the  bed-rocks  of 
the  banks  as  they  did  fifteen  years  ago,  most  of  them  are 
immediately  thrown  away  and  fewer  are  brought  ashore  than 
at  that  time  when  the  work  of  the  Fish  Commission  in  Glou- 
cester stimulated  a  worthy  rivalry  among  the  captains  and 
fishermen  to  bring  in  everything  zoological  or  geological  which 
might  possibly  be  of  scientific  interest  for  the  Fish  Commission. 
Visiting  Gloucester  during  a  few  days  in  the  summer  of  1890, 
my  only  opportunity  for  this  collecting  within  recent  years,  I 
was  able  to  obtain  onl  v  a  few  specimens  of  these  fossiliferous 
rocks,  chiefly  through  donation  by  Dr.  Thomas  Conant  and 
Mr.  Everett  P.  Wonson  of  that  city,  half  of  which  I  have 
transmitted  for  these  donors  to  the  museum  of  this  Society  and 
the  other  half  to  that  of  Dartmouth  College.  These  specimens 
were  brought  from  St.  George's  Bank,  and  were  mostly  from 
depths  of  about  40  fathoms. 

JBy  date  of  September  29,  1890,  Professor  Verrill  wrote  as 
follows,  in  reply  to  my  inquiries  concerning  the  Fish  Com- 
mission collection  of  the  fossiliferous  bed-rocks  of  the  Fishing 
Banks:  "  I  have  found  it  useless  to  try  to  work  up  the  fossiu 
till  the  recent  shells  from  the  same  region  are  better  known. 
We  have  already  added  more  than  200  species  to  the  list  of  the 
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shells  of  the  banks  and  their  vicinity,  and  have  many  others 
on  hand  not  yet  described.  Probably  many  of  the  fossils 
may  be  identical  with  these  newly  recorded  or  unrecorded 
species,  but  a  very  long  and  laborious  study  can  alone  deter- 
mine how  many  are  recent,  owing  to  their  imperfect  condi- 
tion, "  In  the  light  of  this  lately  added  knowledge  of  the 
fauna  of  our  submarine  continental  border,*  it  seems  very 
probable  that  these  rocks  will  prove  of  Pliocene  rather  than 
Miocene  age.  Their  uplift  and  subaerial  erosion  took  place, 
therefore,  as  already  indicated  in  the  preceding  part  of  this 
paper,  at  the  close  of  the  Tertiary  era  and  immediately  before 
the  Glacial  period. 

The  Fishing  Banks  are  thus  to  be  accounted,  like  the  fjords 
of  all  our  northern  coasts,  the  submerged  continuation  of  the 
Hudson  River  channel,  and  the  similar  yqtj  deep  submarine 
valleys  off  the  shore  of  California  near  Cape  Mendocino,  to 
which  I  have  previously  called  attention,!  as  evidence  of  a 
great  epeirogenic  uplift  of  the  northern  part  of  this  continent 
preceding  and  producing  the  Ice  age. 

Note. — Referring  to  Mr.  J.  B.  Wood  worth's  suggestion  in  this 
Journal  for  Jan.,  1894,  p.  71,  that  pebbles  carved  by  wind-blown 
sand  should  be  looked  for  among  the  stones  dredged  from  the 
Fishing  Banks,  it  should  be  borne  in  mind  that  the  high  uplift 
Exposing  these  areas  to  subaerial  erosion  was  preglacial,  and  that 
when  the  ice-sheet  disappeared  the  coast  from  Boston  to  Nova 
Scotia  was  depressed  somewhat  below  its  present  height.  Al- 
though this  depression  of  the  land  probably  carried  the  Fishing 
Banks  and  the  border  of  the  ice-sheet  there  below  the  sea  level,  a 
small  postglacial  uplift  of  the  seaboard,  which  is  known  to  have 
raised  the  land  at  the  head  of  the  Bay  of  Fundy  at  least  80  feet 
higher  than  now,  may  have  laid  bare  considerable  parts  of  the 
Fishing  Banks  so  that  their  present  surface  stones  could  be  worn 
by  drifting  sand  dunes.  (See  former  articles  in  this  Journal,  III, 
vol.  xxxvii,  pp.  359-372,  May,  1889,  and  vol.  xliii,  pp.  201-209, 
March,  1892.) 

*  Previous  to  1870  the  known  moUuscan  fauna  of  the  seas  of  northeastern 
-America  comprised  about  290  species ;  but  now,  according  to  Prof.  Verrill,  it 
numbern  600  or  more.  In  comparison  with  this  we  may  note  that  the  British  Isles 
have  about  600  species  of  marine  muUusks,  and  the  whole  of  Europe  about  800. 
(Prestwich's  Greology,  vol.  i,  pp   120-121). 

f  "  Probable  Causes  of  Glaciation.  "  Appendix  of  Wright's  Ice  Age  in  North 
America,  1889,  pp.  673-595.  Bulletin  G.  «.  A.,  vol.  i,  1890,  pp.  663-567.  Amer. 
Geologist,  vol.  vi,  Dec,  1890,  pp.  327-339. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chbmistry  and  Physics. 

1.  On  the  Fusing  points  of  Inorganic  Salts. — The  first  results 
of  an  investigation  made  by  V.  Meyer  and  Riddle  to  determine 
the  fusing  points  of  certain  of  the  more  refractory  inorganic  salts, 
and  thereby  to  ascertain  what  relation  if  any  exists  between  these 
points  in  the  case  of  allied  salts,  have  been  recently  published. 
The  salts  thus  far  investigated  are  the  chlorides,  bromides,  iodides 
and  sulphates  of  sodium  and  potassium.  In  order  to  measure 
accurately  the  high  temperatures  in  question,  the  authors  made 
use  of  the  following  method :  The  salt  under  examination  was 
placed  in  a  large  crucible  of  platinum  and  by  means  of  a  Perrot 
furnace,  was  heated  to  a  point  considerably  above  that  of  fusion. 
The  crucible  was  then  removed  from  the  furnace  and  an  air 
thermometer,  made  of  platinum  and  constructed  on  the  compen- 
sation principle,  was  inserted  into  the  still  melted  salt.  As  soon 
as  solidification  commenced,  the  temperature  remained  constant 
for  a  considerable  time  during  which  the  air  in  the  thermometer 
was  displaced  by  hydrogen  chloride  gas.  By  measuring  the 
volume  of  this  gas  by  absorption  in  water,  the  temperature  could 
be  calculated.  In  this  way  it  was  found  that  the  chloride,  bro- 
mide and  iodide  of  sodium  fuse  at  851°,  727°  and  650*,  respec- 
tively ;  the  corresponding  salts  of  potassium  melting  at  766% 
715°  and  623°.  So  that  it  appears  that  a  lowering  of  the  fusing 
point  is  a  consequence  of  an  increase  in  the  atomic  mass,  either 
of  the  metal  itself  or  of  the  halogen  elements.  Potassium  oxide 
moreover,  fuses  at  1045°  and  sodium  oxide  at  1098®.  But  in  the 
case  of  the  sulphates,  while  the  sodium  salt  melts  at  843°,  the 
potassium  salt  melts  at  1073° ;  a  result  which  diflfers  from  the 
law  based  on  the  behavior  of  the  halogen  compounds,  although 
it  agrees  with  certain  other  differences  already  noticed  between 
the  behavior  of  the  oxy-salts  of  sodium  and  potassium  and  the 
haloid  salts  of  these  metals. — Ber,  Bert.  Chem.  Ges,,  xxvi,  2443, 
November,  1893.  G.  p.  b. 

2.  0?i  the  JIanocryo meter, — A  new  instrument  has  been  devised 
by  De  Visser  for  the  purpose  of  determining  the  melting  point 
of  a  substance  under  pressure,  which  he  calls  a  '*  manocryometer." 
It  consists  of  a  stout  glass  vessel  somewhat  resembling  Ostwald's 
modification  of  the  Sprengel  density  tube  ;  only  the  shorter  capil- 
lary tube  is  sealed  off  and  the  longer  one  is  provided  with  two 
small  bulbs  on  the  ascending  portion,  the  horizontal  part,  which 
is  sealed  at  the  end,  being  very  long.  The  principal  bulb  is 
filled  with  the  substance  to  be  experimented  on,  the  lower  part 
of  the  capillary  tube  and  the  lower  bulb  are  filled  with  mercury 
and  the  rest  of  the  capillary  tube  is  filled  with  air  which  acts  as 
a  manometer.  The  substance  is  heated  to  a  temperature  a  little 
above  its  melting  point  for  half  an  hour  and  the  pressure  is  then 
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read  off.  By  this  means  the  value  dT/dp  is  obtained,  in  Profes- 
sor James  Thomson's  equation  for  the  variation  of  the  fusing 
point  with  pressure 

^T       ,^^,^    T    (T-r 

-^  =  10833  .  =s  .  

dp  IL       r 

in  which  T  is  the  fusing  point,  p  the  pressure,  <T  the  specific  vol- 
ume of  the  liquid,  r  that  of  the  solid,  both  at  the  melting  point, 
and  r  the  heat  of  fusion  at  the  melting  point.  The  author  deter- 
mined the  values  of  dT/dp,  T,  (T,  (T-r  and  r  for  acetic  acid  and 
also  the  value  {<T-r)/r  directly  by  means  of  an  acetic  acid  calori- 
meter. For  the  melting  point  of  this  acid  T  at  760"™  he  finds 
16'6713°  by  the  mercury  thermometer  and  16*6965°  by  the  hydro- 
gen thermometer.  For  the  density  of  the  liquid  at  the  rnelting 
point,  he  obtains  1*053 15  compared  with  water  at  4°;  and  hence 
the  specific  volume  tr  is  0*94953.  Since  the  change  of  volume  on 
fusion  of  one  kilogram  in  cubic  meters  a-r  is  0*00015956,  the 
specific  volume  of  the  solid  at  its  melting  point  is  0*78998  or  its 
specific  gravity  is  1*26585.  The  heat  of  fusion  at  the  melting 
point  r  was  found  to  be  46*416  calories.  The  calculated  value  of 
{(T-r)/r  was  0*0000034374 ;  that  found  directly  being  00000034426. 
The  value  of  dT/dp  as  calculated  was  002421°  as  compared  with 
0*02435°  found  with  the  manocryometer. 

The  author  has  also  described  an  interesting  lecture  experiment 
with  the  manocryometer.  A  tube  of  2™°^  interior  diameter  hav- 
ing walls  6™°^  thick,  is  sealed  off  at  one  end  and  drawn  out  to  a 
capillary  size  at  the  other,  the  whole  being  about  16*^™  lo^g* 
This  tube  is  immersed  in  pure  acetic  acid  and  filled  by  alternately 
exhausting  it  and  plunging  its  open  end  into  the  acid.  It  is  then 
inverted  and  the  capillary  end  being  plunged  into  acetic  acid,  the 
wider  end  is  cooled  by  surrounding  it  with  cotton  wool  on  which 
ether  is  dropped.  The  acid  in  the  tube  solidifies  with  consider- 
able diminution  of  volume,  fresh  acid  being  drawn  into  the  tube 
in  consequence.  When  the  greater  portion  of  the  acid  is  solidi- 
fied the  capillary  end  is  withdrawn  from  the  acid  and  the  cooling 
is  continued  until  some  air  has  entered.  The  end  is  then  sealed 
and  the  tube  is  ready  for  use.  It  is  now  suspended  in  a  beaker 
of  water  the  temperature  of  which  is  gradually  increased.  At 
the  ordinary  pressure  acetic  acid  melts  at  16*6°  ;  but  when  it  is 
thus  confined  in  a  closed  space,  it  creates  a  greatly  increased 
pressure  as  it  melts,  and  thereby  raises  the  melting  point  of  the 
remaining  solid.  In  this  way  the  author  has  succeeded  in  raising 
the  fusing  point  as  high  as  40°  corresponding  to  a  pressure  of 
about  100  atmospheres.  When  these  tubes  break  they  do  not 
explode  but  crack  lengthwise. — 72ec.  Trav,  Chim.,  xii,  201,  154  ; 
Jl  Chem.  Soc.y  Ixiv,  ii,  563,  566,  Dec,  1893.  G.  f.  b. 

3.  On  the  Fusion  and  Volatilization  of  Metals  and  Oxides  in 
the  Electric  Arc. — In  continuing  his  researches  on  chemical  reac- 
tions at  high  temperatures,  Moissan  has  exposed  various  metals, 
salts  and  oxides  to  the  heat  of  his  electric  arc  furnace.     To  con- 
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dense  and  collect  the  substances  that  sublime,  a  copper  U-tube 
through  which  a  rapid  current  of  cold  water  flows,  is  placed  in 
the  furnace  immediately  over  the  crucible,  and  is  surrounded 
with  asbestos  card-board.  Magnesium  pyrophosphate  exposed 
for  five  minutes  to  the  arc  produced  by  a  current  of  300  amperes 
and  65  volts  gives  a  sublimate  of  magnesium  oxide  and  ordinary 
phosphorus.  Asbestos  with  300  amperes  and  75  volts  almost 
completely  volatilizes  in  a  few  minutes  leaving  only  a  small  reri- 
due  of  fused  silicate  and  a  globule  of  magnesium  silicide.  Cop- 
per with  300  amperes  and  70  volts  volatilizes  rapidly  and  con- 
aenses  in  globules.  In  contact  with  air  its  vapor  forms  cnpric 
oxide.  Silver  enters  into  ebullition  and  distills  readily,  condens- 
ing in  fused  globules,  gray  amorphous  powder  and  arborescent 
fragments.  Platinum  melts  almost  immediately  and  very  soon 
begins  to  volatilize,  condensing  in  brilliant  globules  and  as  a 
powder.  Aluminum  with  250  amperes  and  70  volts  also  volatil- 
izes and  condenses  in  small  spherules.  Tin  with  380  amperes 
and  80  volts  volatilizes  readily  and  condenses  in  small  globules 
and  in  fibrous  masses.  Gold  with  360  amperes  and  70  volts 
volatilizes  in  six  minutes  to  a  considerable  extent,  condensing  in 
small  spheres.  Manganese,  with  380  amperes  and  80  volts  vola- 
tilizes very  readily;  only  a  small  residue  of  carbide  being  left 
from  400  grams  of  the  metal,  after  ten  minutes.  Iron  with  360 
amperes  and  70  volts  volatilizes  and  condenses  as  a  gray  powder 
mixed  with  brilliant  malleable  scales.  Uranium  with  350  am- 
peres and  75  volts  readily  volatilizes  and  condenses  in  small  non- 
magnetic spheres  free  from  carbon.  Silicon  volatilizes  with  380 
amperes  and  80  volts  and  condenses  in  small  spheres  mixed  with 
a  gray  powder  and  a  small  quantity  of  silica.  Carbon  with  370 
amperes  and  80  volts  rapidly  changes  into  graphite  and  then 
volatilizes,  condensing  in  very  light  thin  translucent  maroon- 
colored  plates,  similar  to  or  identical  with  the  maroon-colored 
variety  of  carbon  noticed  by  Berthelot,  and  burning  in  oxygen 
readily.  Calcium  oxide  with  350  amperes  and  70  volts  volatilizes 
alter  8  or  10  minutes  and  with  400  amperes  and  80  volts  it  vola- 
tilizes in  five  minutes.  The  oxide  condenses  entirely  as  an  amor- 
phous powder.  With  1000  amperes  and  80  volts,  100  grams  of 
the  volatilized  oxide  can  be  obtained  in  5  minutes.  Magnesium 
oxide  volatilizes  with  more  difficulty  than  calcium  oxide  and  its 
boiling  point  is  near  its  melting  point.  With  360  amperes  and 
80  volts  it  gives  off  a  quantity  of  vapor ;  distillation  becoming 
very  rapid  with  iOOO  amperes  and  ten  volts.  • 

Moissan  has  also  submitted  zirconia  and  silica  to  the  electric 
arc.  When  zirconia  is  heated  in  an  electric  arc  with  a  current  of 
360  amperes  and  70  volts  it  rapidly  melts  and  in  about  ten  min- 
utes is  in  complete  ebullition  giving  off  thick  white  vapors  which 
condense  to  a  white  powder  consisting  of  opaque  microscopic 
granules  which  scratch  glass  and  possess  all  the  properties  of 
zirconia,  having  a  specific  gravity  of  5*10.  The  residue  in  the 
crucible  has  a  crystalline  fracture.    In  the  cooler  parts  of  the 
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furnace  deDdritic  crystals  of  zirconia  are  deposited.  If  the  zir- 
oonia  be  fased  in  a  carbon  crucible  under  these  conditions,  a  but- 
ton of  zirconium  mixed  with  some  zirconia  but  free  from  carbon 
and  nitrogen  is  found  beneath  the  non-volatilized  oxide.  When 
the  zirconia  is  mixed  with  an  excess  of  carbon  a  zirconium  car- 
bide is  obtained  containing  from  4*22  to  5'10  per  cent  of  carbon. 
It  has  a  metallic  appearance  and  a  brilliant  fracture,  and  when 
fused  with  an  excess  of  zirconia  yields  pure  zirconium  of  specific 
gravity  4*25  which  scratches  glass  and  rubies  easily  and  resem- 
bles closely  the  zirconium  described  by  Troost.  If  the  carbide 
contains  more  than  5  per  cent  of  carbon,  it  inflames  somewhat 
rapidly  when  exposed  to  the  air.  Silica  in  an  arc  of  the  same 
intensity  melts  almost  immediately  and  is  in  complete  ebullition 
after  six  or  seven  minutes.  The  vapors  condense  to  a  slightly 
bluish  white  powder  consisting  of  a  mixture  of  amorphous  silica 
with  small  opalescent  spheres  which  scratch  glass  easily  and  have 
a  specific  gravity  of  2*4.  About  20  grams  of  silica  can  be  vola- 
tilized in  from  10  to  16  minutes,  the  condensed  product  being 
very  easily  attacked  by  hydrogen  fluoride  and  by  alkalies. 
Under  these  conditions,  silica  is  also  reduced  by  carbon,  yielding 
a  crystalline  silicon  carbide. 

Tboost  has  suggested  the  utilization  of  the  volatility  of  silica 
for  the  purpose  of  separating  it  from  zirconia  or  thoria.  If  finely 
pulverized  zircon  be  mixed  with  an  excess  of  carbon,  compressed 
mto  small  cylinders,  placed  in  a  carbon  disk  and  subjected  to  the 
action  of  an  electric  arc  in  a  closed  vessel  through  which  a  cur- 
rent of  carbon  dioxide  is  passed,  the  silica  volatilizes  very  rapidly, 
giving  a  thick  black  smoke  due  probably  to  silicon.  The  residue 
contains  only  1*5  per  cent  of  silica.  Similar  results  were  obtained 
with  thorite  and  orangite,  the  separation  of  the  silica  in  this  way 
greatly  facilitating  the  preparation  of  the  thoria. —  (7.  i?.,  cxvi, 
1222,  1428,  1429,  1893;  Ber,  Berl.  Chem,  Ges.,  xxvi  (Ref.),  482, 
669,  July,  Oct.,  1893.  G.  f.  b. 

4.  Modification  of  Thomson^s  quadrant  electrometer, — F.  Him- 
STKDT  describes  a  multicellular  electrometer  with  one  or  two 
simple  modifications.  The  needle  is  suspended  by  a  quartz  or 
glass  fiber  which  is  slightly  silvered  in  order  to  conduct.  For 
the  purpose  of  damping  the  movements  of  the  needle,  an  astatic 
system  consisting  of  two  magnets  is  suspended  from  a  wire,  which 
forms  the  continuation  of  the  axis  of  the  needle  system.  These 
magnets  are  placed  vertical,  and  are  surrounded  by  a  copper 
cylinder.  The  earth's  directive  force  is  annulled  and  the  move- 
ments of  the  needle  system  is  damped  by  the  presence  of  the 
copper  cylinder. 

The  multicellular  electrometer  was  first  used  in  the  Jefterson 
Physical  Laboratory  in  1885,  and  the  original  instrument  is  now 
in  the  Signal  Service  Bureau  at  Washington. — Ann,  der  Physik 
und  Ghemie,  No.  12,  1893,  pp.  752-V55.  j.  t. 

6.  Coating  aluminium  with  other  metals, — At  a  meeting  of  the 
Physical  Society,  Berlin,  Dec.  1,  1893,  Professor  Nkesen   de- 
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Bcribed  a  method  of  costing  siamiDinm  witb  other  metals.  The 
aluminium  is  first  dipped  in  a  solation  of  caustic  potash  or  soda 
or  hydrochlonc  mcid  notil  bubbles  of  gfts  make  their  appearance 
on  the  surface.  Then  it  is  dipped  in  a  solution  of  corrosive  sub- 
limate in  order  to  amalgamate  the  surface.  Aftervard  it  is 
dipped  again  in  caustic  potash  till  gas  is  evolved.  Then  the 
metal  is  placed  in  a  solution  of  the  salt  of  the  desired  metal.  A 
film  of  the  latter  is  soon  formed  and  is  so  strongly  adherent,  that 
in  the  case  of  gold,  silver  and  copper,  the  plate  can  be  rolled  or 
polished.  The  coated  alumioium  can  be  soldered  with  ordinary 
zinc  solder.  When  a  coating  of  gold  or  copper  is  deaired,  it  is 
best  to  coat  first  with  silver.  j,  t. 

6.  Modifications  of  Silver. — H.  Lcdeb  discusses  tbe  various 
methods  of  depositing  silver,  and  investigates  the  properties  of 
the  films.  He  concludes:  that  Lehmann's  hypothesis  that  a  thin 
layer  of  silicate  of  soda  on  glass  is  concerned  electrolytioally  in 
the  process  of  silvering  on  glass — is  not  true,  for  mirror  silver  !b 
separated  on  mica  porcelain  quartz,  flaorepar-platinum,  etc.  The 
electrical  resistance  of  many  kinds  of  mirror  silver  decreases. 

Mirror  silver  produced  however  by  reduction  with  sugar  of 
milk,  according  to  Liebig's  method,  or  according  to  Martin's 
process,  show  no  decrease  of  resistance.  Heal,  light  and  chem- 
ical action  can  easily  change  allotropic  mirror-silver  into  other 
good  condncting  modifications.  Hirror-silver  gives  with  ordi- 
nary silver,  scarcely  any  difference  of  electromotive  force.  Mirror- 
silver  ID  its  original  unchanged  condition,  is  simiEar  to  colloidal 
silver, — Ann.  der  Physik  and  Chemie,  No.  12,  1893,  pp.  678-695. 

J.  T. 

1.  Vorlesunffen  Qber  MaxvrtWa  Theorie  der  Sleklricitdt  unddet 
Zic/ttes,  von  Db.  Luiuvig  BoLTZMi>->-.  II  Theil,  166  pp.  8vo. 
Leipetg,  1893  (Johann  Ambrosias  Barth — Arthur  Meiner). — Tbe 
appearance  of  the  first  part  of  this  important  work  was  noticed 
in  this  Journal  about  a  year  and  half  a<ro  and  the  scope  of  the 
author's  plan  was  then  remarked  upon.  The  present  part  contains 
the  discussion,  from  the  standpoint  of  ^Maxwell's  theory,  of  action 
at  a  distance  with  the  special  cases  of  electrostatic  distribution 
and  induction. 


Ebsat.i.  iq  Prof.  Mayers  artitle  of  -  Researches  in  AcouatiM,  P 
this  Journal  Jan..  1^<>4. 
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II.    Geology  and  Mineralogy. 

1.  The  Geological  Society  of  America, — The  sixth  annaal  meet- 
ing of  the  Greological  Society  was  held  at  Boston,  Mass.,  on 
December  27th  and  29lh,  and  at  Cambridge  on  the  28th,  1893. 
The  opening  meeting  was  held  in  the  hall  of  the  Boston  Society 
of  Natural  History,  Sir  J.  William  Dawson,  the  president  of  the 
Society,  in  the  chair.  The  annual  address  of  the  President,  on 
Some  Recent  discussions  in  Geology,  was  delivered  Friday  even- 
ing, Dec.  29th.  A  lecture  by  Alexander  Agassiz,  giving  an 
account  of  an  expedition  to  the  Bahamas,  was  read  before  the 
society  on  Wednesday  evening. 

The  following  officers  for  the  year  1894  were  elected,  viz  : 
president,  T.  C.  Chamberlin,  Chicago;  first  vice-president,  N.  S. 
Shaler,  Cambridge;  second  vice-president,  G.  H.  Williams,  Bal- 
timore; secretary,  H.  L.  Fairchild,  Rochester,  N.  Y. ;  treasurer, 
I.  C.  White,  Morgantown,  Va.,  and  editor,  J.  Stanley  Brown, 
Washington,  D.  C. 

There  were  fifty-one  fellows  in  attendance  and  fifty-eight  papers 
were  presented  for  reading. 

The  following  notes  indicate  briefly  the  contents  of  some  of 
the  papers  read. 

SiB  J.  William  Dawson,  in  his  presidential  address,  on  Some 
Recent  Discuasiona  in  Geology:  defined  the  attitudes  of  geologi- 
cal opinion  regarding  some  of  the  live  questions  of  to-day,  speak- 
ing of  them  as  the  goals  of  to-day  which  are  to  be  the  starting 
points  of  the  researches  of  to  morrow.  In  regard  to  the  age  of 
the  crystalline  rocks  he  spoke  of  the  lower  Laurentian  gneisses 
as  probably  of  igneoaqueons  origin  and  as  the  oldest  known 
rocks.  In  regard  to  the  theories  of  mountain  making  he  was 
disposed  to  think  that  the  action  of  all  the  forces  emphasised  in 
LeConte's  contraction  theory,  in  Hall's  deposition  theory,  in  the 
expansion  theory  of  Reade,  and  in  Dutton's  isostatic  theory  must 
be  considered  in  reaching  the  truth. 

In  the  catastrophe — uniformitarian  controversy  harmony  was 
to  be  looked  for  by  recognizing  the  fact  that  what  appears  as  a 
catastrophe  may  be  but  the  culmination  of  uniformly  working 
laws. 

He  referred  to  the  fact  that  organic  matter,  as  in  the  case  of 
coal,  is  of  slow  and  gradual  accumulation,  and  is  not  peculiar  to 
any  particular  age  though  a  prominent  feature  in  the  Carbonif- 
erous era.  He  showed  that  fossil  plants  by  their  distribution  are 
evidence  that  the  vicinitudes  of  climate  in  the  geological  ages 
were  mainly  due  to  the  differences  in  the  distribution  of  land  and 
water.  In  explanation  of  the  phenomena  of  the  glacial  age,  he 
maintained  that  "  local  glaciers  of  great  magnitude  on  elevated 
ground  and  depression  of  lower  lands  beneath  the  sea  were 
mainly  responsible  for  this  icy  episode."  He  believed  that  there 
was  an  open  Polar  Sea  throughout  the  glacial  age,  and  that  sea- 
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borne  ice  as  well  as  glaciers  must  be  looked  to,  to  account  for  the 
known  evidences  of  glaciation. 

In  a  paper  on  New  discoveries  of  Carboniferous  Batrachians, 
the  same  author  gave  an  account  of  the  mode  of  preservation  and 
gradual  accumulation  of  the  remains  of  land  animals  and  insects 
in  the  hollow  trunks  of  trees  buried  in  aqueous  deposits,  as  illus- 
trated by  the  buried  Carboniferous  trees  of  the  South  Joggios 
section,  several  new  specimens  of  which  have  been  recently  de- 
veloped. 

The  paper  by  G.  W.  Dawson  was  read  in  his  absence  by  the 
president  of  the  Society.  •  It  consisted  of  Geological  notes  on 
some  of  the  coasts  and  islands  of  Behring  Sea  and  its  vicinity^ 
made  during  his  visit  to  the  regions  as  one  of  the  members  of 
the  British  Commission  investigating  the  fur-seal  problem  in  1891. 

The  localities  visited  were  the  Aleutian  Islands,  Komandorski 
Islands,  Kamtschatka,  Pribyloff  Islands,  Nunivak  Island,  St. 
Matthew  Island,  Plover  Bay.  Many  of  the  islands  are  of  vol- 
canic origin,  and  the  whole  line  of  islands  were  found  to  be  on 
the  outer  border  of  the  continental  plateau,  which,  elevated  above 
its  present  level,  once  connected  Asia  and  Alaska.  The  author 
concluded,  from  his  study  of  the  soundings  and  of  the  Tertiary 
formations  on  the  edges  of  some  of  the  islands,  that  the  sub- 
marine plateau  and  the  western  part  of  Alaska  were  under  a 
shallow  sea  during  the  later  Miocene  epoch,  since  which  time  the 
region  was  elevated,  forming  land  connection  between  the  two 
continents  by  which  the  mammoth  may  have  reached  the  Priby- 
loff  Islands.  This  was  followed  by  depression,  and  in  compara- 
tively recent  times  there  was  an  elevation  of  10  to  30  feet. 

The  observations  of  Dr.  Dall  and  others  as  to  the  absence  of 
any  evidence  of  general  glaciation  in  the  Behring  Sea  region  are 
confirmed  by  the  author's  observations. 

The  eastern  boundary  of  the  Connecticut  TViassic. — Profs. 
W.  M.  Davis  and  L.  S.  Griswold,  in  their  paper,  illustrating 
the  general  structural  features  of  the  Triassic  belt  by  a  series  of 
lantern  slides,  maintained  that  the  eastern  boundary  of  the 
formation  is  defined  by  a  system  of  faults,  whose  existence  is 
proved,  according  to  the  authors'  interpretation  of  the  facts, 
as  follows:  First,  different  members  of  the  formation  succes- 
sively terminate  along  the  eastern  border;  in  passing  north- 
eastward from  the  Sound  near  East  Haven,  to  the  Connecticut 
River  near  Middletown,  the  lower  sandstones,  the  anterior  trap 
sheet,  the  anterior  shales,  the  main  trap  sheet,  the  posterior  shales 
and  sandstones,  the  posterior  trap  sheet  and  the  upper  sandstones 
and  conglomerates,  gently  undulating  as  a  whole,  are  terminated 
in  alternating  succession  along  the  border.  This  cannot  be  ex- 
plained as  a  result  of  variable  overlap  of  the  Triassic  series  un- 
conformably  upon  the  crystallines,  for  the  former  dip  towards 
the  latter ;  they  must  be  cut  off  abruptly  along  the  margin  of 
their  present  area.  The  border  is  marked  by  a  depression,  wider 
open  when  the  adjacent  rocks  are  weak,  narrow  when  they  are. 
hard.     Close  to  the  border,  departures  from  the  prevailing  dip  of 
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the  fonnatiou  are  frequent.  The  crystalline  rocks  near  the  bor- 
der manifest  the  effects  of  shearing ;  and  this  seems  to  be  sab* 
sequent  to  the  formation  of  the  marginal  conglomerates,  for  they 
do  not  contain  fragments  of  the  sheared  crystallines. 

The  eastern  boundary  follows  an  alternating  north  and  north- 
east course.  Hence  two  systems  of  faults  may  be  recognized ; 
one  having  a  northerly  course,  the  other  trending  northeast. 
Two  members  of  the  latter  system  have  been  traced  for  many 
miles  obliquely  across  the  Triassic  belt,  as  well  as  along  the 
oblique  portions  of  the  border.  In  consequence  of  the  combined 
movements  of  both  systems  of  faults,  the  formation  broadens 
to  the  north ;  and  in  the  Manchester  district,  it  is  believed  that 
the  under  sandstones,  ordinarily  seen  along  the  western  border 
of  the  monoclinal  belt,  arp  repeated  along  the  eastern  border. 
(Author's  abstract.) 

In  his  paper  on  The  fossil  flora  of  Alaska^  F.  H.  Knowlton 
reported  the  total  number  of  species  listed  as  114,  of  which  the 
54  species  more  recent  than  Neocomian  occur  also  outside  of 
Alaska.     The  author  gave  the  following  conclusions  : 

'^An  examination  of  the  table  yields  the  following  numerical 
results :  The  Laramie  has  3  species  of  which  1  is  doubtful ;  post- 
Laramie  beds  of  Colorado  10  species;  the  Livingston  beds  of 
Montana  6  species ;  the  Ft.  Union  beds  1 6  species  of  which  1  is 
doubtful;  the  Green  River  group  9  species  of  which  3  are  in 
doubt;  the  Mackenzie  River  11  species;  British  Columbia  has  6 
species  in  the  Miocene  and  4  in  the  Laramie  with  2  common  to 
both ;  California,  represented  by  the  Auriferous  gravels  and  allied 
formation  has  17  species  of  which  3  are  in  doubt;  the  Eocene 
(Alum  Bay,  etc.)  6  species;  the  Greenland  Miocene,  as  repre- 
sented at  Disco  Island,  Atane  Rerdluk,  etc.,  has  29  species;  the 
Miocene  of  Spitzbergen  20  species;  the  island  of  Sachalin  (Siberia) 
23  species;  Senizalia  (Italy)  12  species;  the  so-called  Baltic  Mio- 
cene 13  species;  Oeningen  20  species;  Oligocene  4  species;  Mio- 
cene 33  species ;  Pliocene  15  species. 

''  By  combining  a  number  of  the  above  localities  which  may  be 
legitimately  taken  together  we  have  still  more  impressive  results. 
Thus  by  the  combining  of  the  post-Laramie  beds  of  Colorado 
with  the  Livingston  beds  of  Montana  we  have  13  species  com- 
mon to  Alaska.  The  union  of  the  Mackenzie  River  and  Ft. 
Union  deposits  gives  21  species  common  to  Alaska,  while  Green- 
land, Spitzbergen  and  Sachalin  have  no  less  than  39  species  out 
of  the  54  from  Alaska. 

"  This  last  result  shows,  if  we  are  to  place  any  dependence  in 
fossil  plants,  that  the  flora  of  Alaska,  Greenland,  Spitzbergen 
and  the  island  of  Sachalin  are  so  closely  related  as  to  lead  to  the 
unavoidable  conclusion  that  they  grew  under  similar  conditions 
and  were  synchronously  deposited.  The  localities  enumerated 
show  that  the  circumpolar  flora  at  that  time  was  practically  simi- 
lar and  continuous." 
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N.  S.  Shalbr  presented  three  papers,  of  which  the  following 
abstracts  give  the  substance. 

1.  Notes  on  the  Pleistocene  dislocations  of  the  Atlantic  Coast  of 

the  United  States. 

The  dislocations  of  the  Cretaceous,  Tertiary  and  Pleistocene 
strata  of  northeastern  Massachusetts  described  by  the  writer  in  the 
Seventh  Annual  Report  of  the  director  of  the  U.  S.  Geol.  Survey, 
p.  297,  et  seq.,  and  in  the  Bulletin  of  the  Geol.  Soc.  of  Am.,  vol. 
1,  p.  443  et  seq.,  appear  to  be  a  part  of  a  mountain-building  pro- 
cess which,  in  relatively  recent  times  dince  the  beginning  of  the 
Pleistocene,  has  affected  the  Atlantic  coast  from  North  Carolina 
to  Massachusetts  Bay.  South  of  New  York  the  type  of  the  dis- 
locations have  the  fault  type,  north  aqd  east  of  the  Hudson  they 
take  on  the  character  of  foldings.  These  movements,  though 
extensive  and  intense  in  southern  New  England,  appear  to  have 
satisfied  the  stresses  which  caused  them,  for  since  the  development 
of  the  topography  of  the  district,  so  far  as  it  was  formed  on  these 
dislocated  rocks,  no  considerable  movements  have  taken  place. 

The  foldings  of  the  rocks  in  the  Cretaceous,  Tertiary  and 
Pleistocene  strata  of  Martha's  Vineyard  and  neighboring  districts, 
seem  to  have  been  due  to  the  formation  of  a  broad,  rather  com- 
pressed synclinal  in  the  crystalline  rocks  upon  which  they  rest; 
in  this  respect  resembling  the  down-fold  which  encloses  the  Rich- 
mond, Va.,  coal  field. 

The  disturbed  strata  of  the  New  England  shgre  district  are 
now  at  about  the  level  in  which  they  were  formed.  There 
thus  appears  to  have  been  no  considerable  permanent  change  of 
level  of  this  part  of  the  continent  due  to  their  orogenic  action. 
(Author's  abstract.) 

2.  Jlelation  of  Mountains  and  Continents, 

Modern  investigations  show  that  mountains  do  not  develop  on 
the  deep  sea  floors  in  the  manner  in  which  they  are  formed  on 
the  continental  folds.  This  shows  that  there  is  some  causal  rela- 
tion bolween  these  two  types  of  relief. 

An  inquiry  into  the  sub-aerial  reliefs  of  the  great  coasts  shows 
that  they  are  in  the  main,  made  up  of  the  broad  pedestals  which 
have  been  formed  in  the  districts  where  mountain  building  has 
occurred.  The  mass  of  these  pedestals,  or  regional  uplifts  is 
generally  very  great.  They  indicate  the  movement  of  inner 
earth  inattor  toward  the  seats  of  dislocation  :  a  large  part  of  the 
material  goinj^  to  form  the  uplifted  section  of  the  earth's  crust 
on  either  side  of  the  mountain-built  area.  A  part  of  this  pedestal 
is  in  many  cases  formed  of  debris  worn  from  the  central  axes. 

Deep-sea  soundings  show  that  there  are  folds  of  the  crust 
formed  in  the  thalassal  areas.  Although  the  number  and  precise 
shape  of  these  folds  is  unknown,  it  seems  not  improbable  that 
tlu»y  are  the  original  type  of  surface  deformations.  When  one 
of  these  ridges  attained  a  supra-marine  level,  local  erosion,  with 
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the  consequent  transfer  of  weight,  brought  about  the  mountain- 
building  disturbances  and  thus  served  to  determine  the  form  and 
in  part  the  elevation  of  the  fold. 

The  history  of  the  peninsula  of  Florida,  the  promontory  of 
Yucatan  and  the  Cincinnati  axis  appear  to  give  support  to  this 
view  as  to  the  relation  of  mountains  and  continents.  (Author's 
abstract.) 

3.  Phenomena  of  teach  and  dune  sands. 

The  remarkable  endurance  of  beach  sands  to  the  blows  which 
are  inflicted  by  the  waves  is  to  be  explained  by  the  fact  that 
when  mineral  matter  attains  a  certain  state  of  division  being 
thoroughly  wet,  a  fllm  of  water  is  usually  held  between  the  adja- 
cent grains  which  serves  to  keep  the  surface^  apart  and  thus, 
in  a  great  degree,  prevents  abrasive  action.  Thus,  while  pebbles 
wear  rapidly  in  the  mill  of  the  surf,  sand  is  very  little  worn. 

The  effect  of  sea-weeds  in  bringing  pebbles  and  sand  into  the 
beaches  is  very  great :  this  is  accomplished  by  the  floating  action 
of  these  plants  on  the  objects  to  which  they  become  attached  in 
the  shallow  water  near  the  shore. 

The  effect  of  floating  pumice  which  becomes  stranded  along 
the  Atlantic  coast  is,  at  certain  points,  noticeable;  but  the 
enquiries  as  to  the  value  of  the  contribution  have  been  retarded 
by  the  difficulty  which  has  been  found  in  determining  in  a  ready 
way  the  difference  between  certain  forms  of  furnace  slag  from 
steamship  boilers  and  true  volcanic  materials. 
-  The  movement  of  dune  sands  is  to  a  great  extent  made  pos- 
sible by  the  fact  that  these  accumulations  of  sand  rarely 
become  wet  through,  except  it  may  be  during  the  winter  season. 
A  rain-fall  of  an  half  an  inch  will  in  general  moisten  the  sands  to 
the  depth  of  not  over  three-fourths  of  an  inch.  The  water  flows 
laterally  to  the  center  of  the  depressions  and  there  only  finds  a 
passage  to  the  deeper,  parts  of  the  dune.  The  result  being  that 
in  a  short  time  the  materials  are  dry  enough  to  be  set  in  motion 
by  the  wind. 

The  large  amount  of  fine  dust  developed  in  dune  sands,  which 
have  been  some  time  stable,  shows  the  rapidity  with  which  the 
processes  of  decomposition  of  their  materials  advance.  (Author's 
abstract.) 

Wm.  B.  Scott  discussed  the  Lacustrine  Tertiary  formations 
of  the  West  and  gave  the  paleontological  reasons  for  separating 
the  Paloduro  beds  from  the  Loup  Fork  proper. 

The  classification  of  the  Neocene  formations  (fresh  water)  of 
the  United  States,  proposed  as  the  result  of  his  latest  studies,  is 
given  in  the  following  table  (first  published  in  Princeton  College 
Bulletin,  vol.  v,  Nov.,  1893,  p.  84)  : 
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(  Peace  Creek  (Florida). 
Pliocene        <  Blanco. 

(  Paloduro  (and  Archer  of  Florida). 


Miocene 


Loup  Fork  \  5^«"P  5°'"''  P'^P^"*- 
^  (  Deep  Kiver. 

John  Dav     '  ^'Vlesoreodon  Beds  (Montana). 
^    \  Eporeodon  Beds  (Oregon). 
(  Protoceras  Beds, 
r  J  On 


Oligocene.     While  River  -^  Oreodon  Beds. 

(  Titanotherium  Beds. 

George  H.  Williams,  in  his  paper  entitled.  Volcanic  Hacks 
in  the  ancient  crystalline  belt  of  Eastern  North  America^  called 
attention  to  the  widespread  occurrence  of  truly  volcanic  rocks  in 
the  paleozoic  and  pre-paleozoic  formations  of  eastern  North 
America.  He  was  led  to  a  search  for  such  rocks  by  the  dis- 
covery of  their  extensive  development  in  the  Blue  Ridge  between 
Harrisburg,  Pa.,  and  the  Potomac  River,  as  described  in  this 
Journal,  Dec,  1892.  Since  that  time  personal  observation  has 
disclosed  great  masses  of  similar  rocks  on  the  coast  of  Maine 
and  in  the  Carolinas,  while  the  published  literature  renders  prob- 
able their  abundant  occurrence  as  far  north  as  Newfoundland. 

After  a  review  of  -the  opinions  prevailing  in  Europe  as  to  the 
nature  of  the  differences  between  ancient  and  modern  volcanic 
rocks,  the  author  enumerated  the  criteria  necessary  for  the  cer- 
tain identification  of  ancient  volcanic  rocks.  While  regarding 
the  differences  between  the  products  of  ancient  and  modern  vol- 
canoes as  secondary  and  therefore  non-essential,  he  considered  the 
proofs  that  any  rocks  called  volcanic  (in  contrast  to  plutonic) 
solidified  at  or  very  near  the  atmospheric  surface  as  very  impor- 
tant. A  tendency  on  the  part  of  some  geologists  to  use  the 
word  volcanic^  as  synonymous  with  igneoits  is  greatly  to  be  de- 
precated as  introducing  only  confusion.  The  former  term  should 
be  employed,  at  least  in  the  case  of  ancient  rocks  where  the  ex- 
ternal form  of  the  volcano  has  been  destroyed,  only  for  igneous 
masses  whose  surface  origin  is  beyond  doubt.  The  most  reliable 
proofs  are  in  the  case  of  acid  rocks  glassy  structures,  which  in 
spite  of  complete  devitrification  will  be  preserved,  and  in  the 
case  of  basic  rock  an  amygdaloidal  or  scoriaceous  texture.  Such 
structures,  while  they  may  rarely  occur  in  narrow  dykes  which 
have  very  rapidly  cooled,  are  essentially  characteristic  of  lava 
flows,  especially  if  the  rocks  which  exhibit  them  are  of  great 
extent.  But  even  better  than  these  structures  as  proof  of  vol- 
canic origin  are  accumulations  of  fragmental  (pyroclastic)  mate- 
rial, tuffs,  breccias,  agglomerates,  etc.,  stratified  either  by  grav- 
ity or  water,  which  accompany  such  massive  .effusive  rocks. 
All  of  these  proofs  are  abundant  in  the  rocks  to  which  the  author 
applies  the  designation  volcanic. 

The  distribution  of  ancient  volcanic  products  was  traced,  either 
by  published  accounts  or  by  personal  examination  of  material  sent 
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by  friends  or  collected  in  the  field,  from  Newfoundland  through 
Cape  Breton,  Nova  Scotia,  New  Brunswick,  and  along  the  coast 
of  Maine  as  far  as  the  Boston  basin.  Another  more  westerly 
belt  may  be  followed  from  Gaspe,  through  the  Eastern  Town- 
ships to  Vermont ;  it  appears  again  near  Harrisburg  and  extends 
at  intervals  along  the  whole  extent  of  the  Blue  Ridge.  The 
eastern  belt  appears  again  in  North  Carolina,  not  far  from 
Raleigh  and  is  nearly  continuous  across  the  State.  (Author's 
abstract). 

In  the  paper  on  The  Shasta-  Chico  aeries  of  the  Pacific  Coast^ 
J.  S.  DiLLER  described  several  measured  sections  of  the  Cretace- 
ous in  different  parts  of  middle  and  northern  California.  He 
demonstrated  the  stratigraphic  and  faunal  continuity  of  the 
Shasta-Chico  series  composed  in  California  of  the  Knoxville, 
Horsetown  and  Chico  beds  which  attain  a  maximum  thickness 
of  30,000  feet  (see  this  Journal,  vol.  xl,  1890,  pp.  476-8).  The 
differences  in  the  composition  of  the  several  sections  was  ex- 
plained as  due  to  transgression  of  the  Cretaceous  seas  during  the 
deposition  of  the  series. 

77ie  geology  of  southern  Indian  Territory  and  northern 
Texas  adjacent  to  the  Med  Miver^  was  described  by  Robbrt  T. 
Hill,  showing  the  remarkable  development  of  Cretaceous  and 
later  formations  in  that  region  where  the  typical  geographic  feat- 
ures of  the  southern  gulf  coastal  plain,  the  Texas  prairie  region, 
and  the  Appalachian  structure  of  the  Ouachita  mountains  meet, 
and  where  their  relations  are  seen. 

Mr.  Hill  showed  the  differentiation  of  the  various  formations 
south  and  westward  from  this  area,  and  gave  a  minute  descrip- 
tion of  the  Washita  division  of  the  Comanche  series  from  the  Rio 
Orande  to  Red  River,  its  faunal  and  sedimentary  changes,  with 
the  zones  and  hemera  of  its  fossils.  The  Shoal  Creek  limestone, 
capping^  the  Comanche  series  south  of  the  Brazos,  was  described 
as  having  an  entirely  distinct  fauna  from  that  of  the  contiguous 
beds — a  fauna  entirely  new  to  the  North  American  Cretaceous, 
consisting  of  Foraminifera,  Coelenterata  and  MoUusks. 

The  speaker  remarked  upon  the  strong  homotaxial  resemblance 
between  the  great  divisions  of  the  Texas  Cretaceous  formations 
and  those  of  western  Europe,  especially  the  Neocomian,  Gault, 
Turonian  and  Senonian,  although  presenting  absolutely  no  simi- 
larity to  the  beds  of  the  pacific  region. 

The  author  observed  that  the  Duck  Creek  chalk  and  the  Kiami- 
tia  beds  contain  the  fauna  described  as  Neocomian  by  Marcou, 
who  was  the  first  to  recognize  the  early  Cretaceous  age  of  what  are 
now  known  as  the  Comanche  series.     (From  notes  by  the  author). 

G.  H.  Williams  called  attention  to  a  work  written  by 
Johann  David  Schoepff,  an  almost  forgotten  contributor  to  the 
geology  of  this  country  in  the  last  century.  His  book,  dated 
1787,  "Beitrage  zur  Mineralogischen  Kenntniss  des  ostlichen 
Theils  von  Nord  Amerika,"  is  full  of  very  good  observations 
made  between  Rhode  Island  and  Florida,  especially  in  the  Appa- 
lachians of  Pcjinsylvania,  Maryland  and  Virginia. 
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Whitman  Cross  (Intrusive  sandstone  dikes  in  granite)  men- 
tioned the  occurrence,  in  the  area  of  the  Pike's  Peak  granite  mass, 
in  Colorado,  of  sandstone  bodies  whose  formal  relations  to  the 
granite  are  perfectly  analogous  to  those  of  dikes  of  igneous  rock, 
while  the  substance  of  the  masses  in  question  is  purely  a  clastic 
mixture,  almost  wholly  of  quartz,  of  fine  and  even  grain,  very 
similar  to  sandstones  of  sedimentary  origin.    (Author's  abstract). 

A  paper  by  T.  C.  Chambbrlin  and  Frank  Levbrktt  on  Cer^ 
tain  features  of  the  past  drainage  systems  of  the  upper  Ohio 
basin,  will  be  presented  in  full  in  this  Journal. 

The  subject  discussed  and  illustrated  by  specimens  under 
title  of  a  paper  on  Facetted  pebbles  on  Gape  (Jod^  by  W.  M. 
Davis  has  already  been  referred  to  in  this  Journal  (vol.  xlvii,  p. 
63)  by  J.  B.  Woodworth. 

Alpheus  Hyatt  made  a  communication  upon  "  The  Fossils 
of  the  Trias  and  Jura  of  the  Western  States,^^  and  exhibited  speci- 
mens of  the  fossils ;  his  remarks  may  be  summed  up  as  follows: 
The  discovery  of  Monotis  beds  above  the  Carboniferous  in 
American  Canon,  south  of  Cisco,  California,  showed  the  probable 
existence  of  the  Trias  there,  but  just  above  these  in  Sailor's  Canon 
occurred  beds  of  Daonella  which  were  more  doubtful.  The 
Daonellae,  although  hitherto  considered  exclusively  Triassic,  oc- 
curred in  part  near  the  upper  limits  of  their  distribution  in  curi- 
ous association  with  AmmonitinsD  of  very  doubtful  aspect. 

These  Aramonitinse  are  not  as  a  whole  like  any  fauna  here- 
tofore described  as  Triassic.  They  have  a  distinctly  Liassic 
facies  and  with  them  Dr.  Curtice  found  two  specimens  of  Apty- 
chi  of  the  rugose  type,  which  in  Europe  have  not  yet  made  their 
appearance  below  the  Upper  Lias.  For  these  reasons  the  speaker 
considered  the  age  of  Daonella  beds  and  Ammonites  beds  to  be 
doubtful,  and  stated  that  until  specimens  showing  the  sutures  of 
the  Ammonitinae  were  found  this  could  not  be  determined  with 
certainty. 

The  Triassic  fossils  of  Gabb's  locality  in  New  Pass  Desatoya 
Mts.,  and  near  Walker's  Lake  in  Nevada  have  been  found 
recently  in  a  collection  donated  by  Prof.  Whitney  to  the  Maseam 
of  Comparative  Zoology,  and  these  prove  the  identity  of  the 
faunas  at  these  two  localities  with  that  of  the  Muschelkalk  of  the 
Star  Peak  Range  also  in  Nevada  but  farther  west. 

lias. 

The  same  collection  contained  Gabb's  type  of  Amioceras 
[Amm.)  Nevadanus  and  a  Corniceras,  n.  sp.  showing  the  exist- 
ence of  the  Lower  Lias  near  Walker's  Lake  in  southwestern 
Nevada. 

A  small  collection  of  fossils  from  Professor  Condon,  pomins 
from  the  Blue  Mts.  of  eastern  Oregon,  showed  species  identical 
with  those  of  the  Hardgrave  Sandstone  of  Taylorville  and  with 
some  of  the  species  described  by  Gabb  from  near  Walker's  Lake, 
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thus  demoDstratiDg  the  presence  of  the  Upper  Lias  at  these 
three  localities,  two  of  them  separated  by  the  crests  of  the 
Sierra  Nevada. 

Upper  Jura, 

The  Gold  Belt  fossils  were  next  taken  up  and  discussed.  The 
discovery  of  Gabb's  type  of  Ammonitea  Colfaxi  showed  that  it 
was  a  true  Perisphinctes  and  with  other  forms  of  the  same  genus 
recently  found  near  Colfax  demonstrated  the  Upper  Jurassic  age 
of  the  rocks  on  the  western  slope  of  the  Sierras.  The  Aucellae, 
and  the  Ammonitinse  of  the  genera  Cardioceras  and  Perisphinctes, 
from  Mariposa,  Calaveras  and  Tuolumne  Counties  were  repre- 
sented in  collections  acquired  in  the  last  few  years  by  the  u.  S. 
Geological  Survey  and  proved,  in  his  opinion,  the  Upper  Juras- 
sic age  of  the  gold  belt  series  of  slates.  The  species  of  Cardio- 
ceras and  Perisphinctes  had  the  common  characteristics  of  the 
similar  forms  found  in  the  Upper  Jura  of  the  Russian  fauna  and 
these  occurred  in  association  with  similar  forms  of  Aucellae. 

The  species  of  Aucellse  differed  as  a  whole  from  those  of  the 
Knoxville  slates  in  being  almost  invariably  ornamented  with 
radiating  striae.  Only  one  species,  the  A.  Errington  var.  arcuatay 
approximated  in  outline  to  the  well-known,  narrow  form  of 
Atccella  PiochL  This  is  invariably  smooth  and  as  lately  demon- 
strated by  Diller  and  Stanton  occurs  only  in  the  lower  part  of 
the  Knoxville  slates.  The  conclusion  was  thus  reached  that  the 
fauna  of  the  gold  belt  series  of  rocks  was  Upper  Jurassic  and 
younger  than  that  of  the  Knoxville  series.     (Author's  abstract). 

Henry  S.  Williams  read  a  paper  on  Dual  nomenclature  in 
Geological  classifications,  setting  forth  the  importance  of  differ- 
entiating between  the  lists  of  geological  formations  and  the  divi- 
sions of  the  time  scale.  He  showed  that  the  former  are  defined 
and.  determined  by  physical,  structural  and  mineral  conditions 
which  are  always  local  and  never  uniform  for  any  considerable 
geographical  extent ;  and  that  the  latter,  however  indefinitely, 
are  always  known  and  defined  by  particular  species  or  genera  of 
organisms  which  had  a  definite  life  period  and  hence  record  an 
actual  determinable  point  in  time. 

The  imperfection  of  the  present  method  was  illustrated  by  the 
case  of  the  Catskill  formation,  whose  place  in  the  scale,  and  the 
use  of  the  name  has  recently  been  discussed  by  Hall,  Darton, 
Stevenson,  Prosser  and  the  author.  The  author  emphasized  the 
fact  that  in  our  common  usage  there  are  two  entirely  distinct 
sets  of  facts  confused  in  the  nomenclature  and  classification,  called 
the  geological  scale;  that  the  confusion  and  evils  arising  there- 
from are  not  corrected  by  merely  providing  two  sets  of  nomen- 
clature, as  the  international  congress  of  geologists  has  done  in 
proposing  group,  system,  series,  stage  with  their  corresponding 
chronological  terms,  era,  period,  epoch,  age,  so  long  as  there  is 
only  a  single  set  of  divisions  classified.  The  fact  is  that  the 
stratigraphical  division  planes   used   in  defining   the  formation- 
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scale,  while  they  do  indicate  relative  saperposition  locally  have 
only  relative  time  value. 

Like  the  lines  in  the  solar  spectrum  their  posilion  must  he 
known  before  they  can  be  used  as  chronological  marks.  The 
fossils  on  the  other  hand  have  an  intrinsic  time  value,  their  char- 
acters intimately  connect  them  with  what  has  preceded  and  what 
follows  them.  Like  the  angle  of  refraction  of  the  rays  of  light  of 
each  color,  each  fossil  has  a  normal  time  value. 

Fossils  thus  become  the  true  criteria  of  the  time  scale ;  bat 
the  elements  of  the  formation  scale  are  local  accumulations  of 
various  kinds  of  sediments  whose  place  in  a  geological  time  scale 
is  determinable  only  by  fossils.  The  formations  of  one  section 
will  overlap,  and  differ  in  composition  and  limits  from  those  of 
another  section, — the  time-scale  should  be  a  universal  standard, 
with  no  overlapping,  with  divisions,  arbitrary  it  may  be,  but 
never  duplicated ;  the  marks  of  which  are  fossils^  changing  con- 
stantly but  in  a  definite  order  of  sequence. 

In  the  case  of  the  Catskill  it  was  shown  that  within  the  limits 
of  the  New  York  system,  what  is  called  the  Catskill  formation, 
group  or  period  is  a  geological  formation,  but  is  not  either  ao 
epoch  or  a  period,  and  that  Catskill  is  not  an  appropriate  name 
to  apply  to  any  division  of  the  time-scale.  Thus  we  may  say  of 
the  Catskill  formation,  that  in  the  Genesee  section  in  western 
New  York,  the  whole  of  Devonian  time  is  recorded  without  any 
trace  of  the  Catskill  formation,  it  is  neither  above,  below  or 
within  the  Chemung.  The  whole  of  Devonian  time  transpires 
and  includes  no  such  division  as  a  Catskill  epoch  or  period.  One 
hundred  miles  eastward,  the  section  running  through  Cayuga 
Lake,  shows  at  the  close  of  the  Devonian,  after  the  cessation  of 
the  Chemung  fauna,  a  Catskill  formation  of  several  hundred  feet 
thickness.  Another  hundred  miles  eastward,  across  Otsego  Co., 
the  section  contains  (1)  rocks  of  the  Catskill  formation  lor  the 
upper  third  of  the  upper  Devonian,  below  them  (2)  a  aparsely 
fossiliferous  zone  of  Chemung — probably  its  lower  part,  (3)  a 
modified  Ithaca  fauna,  then  (4)  the  Oneonta  formation,  which  is 
but  a  detached  zone  of  the  Catskill,  next  (5)  a  fauna  intermediate 
between  that  of  the  Ithaca  and  the  typical  Hamilton,  underlain 
by  (6)  the  Hamilton  formation  of  the  middle  Devonian.  Still 
further  east,  along  the  Hudson  River  valley,  the  Catskill  forma- 
tion occupies  the  whole  of  upper  Devonian  interval — and  if  we 
go  still  farther  east,  in  Maine  we  find  rocks  which  are  but  the 
extension  of  the  same  formation  as  the  Catskill  filling  the  whole 
interval  from  the  Oriskany  to  the  Carboniferous;  i.  e.  the  upper, 
middle  and  most  of  the  lower  Devonian  system. 
.  In  elaborating  this  dual  nomenclature,  it  was  proposed  to  con- 
tinue the  use,  for  the  formation-scale  of  the  present  nomenclature 
in  the  manner  in  which  the  newer  work  of  the  United  States 
Geological  Survey  is  being  defined,  using  geographical  names  in 
combination  with  lithological  terms  for  the  nomenclature.  For 
the  time-scale,  the  degree  of  precision  increases  in  the  oppoaito 
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direction — from  tbe  general  to  the  particular.  A  single  fossil 
in  most  cases  is  sufficient  to  determine  the  time  (Paleozoic,  Meso- 
zoio  or  Cenozoic)  to  which  the  formation  belongs.  The  times 
may  be  divided  into  Eras,  the  Cambrian,  Silurian,  Carboniferous, 
etc.  Refinement  in  general  usage  has  proceeded  far  enough  to 
permit  the  recognition  of  two-fold  or  three-fold  divisions  of  the 
eras,  and  these  may  be  designated  by  prefexing  eo,  mesa  and  neo 
to  the  name  of  the  era,  and  may  be  called  Periods ;  thus  Eocam- 
brian  is  the  name  of  the  period  of  the  Olenellus  fauna,  Mesocam- 
briaUy  is  the  period  of  the  Paradoxides  fauna,  Neocamhrian  the 
period  of  Dicellocephalus  fauna — and  so  on  for  each  of  the  other 
eras. 

Thus  we  would  say  of  the  Chemung,  the  Famennian,  the 
Ilfracombe  formations,  each  belongs  to  the  Neodevonian  period. 
The  particular  time  value  of  each  of  these  formations  in  a  general 
time-scale  we  do  not  yet  know  with  precision.  Although  the 
perfecting  of  knowledge  will  undoubtedly  enable  future  geolo- 
gists to  define  epochs  and  even  hemeroe^  in  the  general  geological 
time-scale,  our  present  knowledge  of  the  succession  of  varieties 
and  species  is  not  sufficiently  accurate  to  make  their  definition 
practicable  for  any  extended  region.  While,  therefore,  we  know 
the  order  of  succession  of  faunas  in  local  formations  we  may  not 
be  able  to  correlate  our  faunas  with  greater  precision  than  to 
define  periods  for  the  standard  time-scale.  Common  usage  signi- 
fies that  already  this  can  be  done  so  far  as  to  recognize  three- 
fold, or  in  some  cases  only  two-fold  subdivisions  of  the  following 
eras,  Cambrian,  Ordovician,  Silurian,  Devonian,  Carboniferous, 
Triassic,  Jurassic,  Cretaceous  and  Tertiary.     (Author's  abstract.) 

H.  s.  w. 

2.  Le  Tormaline  del  Granito  Elbano  di  Giovanni  D'Achiardi, 
parte  prima  8°,  pp.  82,  one  plate,  Pisa,  1893  (T.  Nistri). — Prof. 
D'Achiardi  states  in  his  preface  that  the  purpose  of  making  a 
mineralogical  study  of  the  tourmalines  of  Elba  was  suggested  by 
the  immense  richness  of  the  material  in  the  museum  at  Pisa  and 
in  the  present  part  he  gives  the  bibliography  relating  to  the  min- 
eral and  "  treats  of  the  morphology  of  the  Elban  tourmalines  de- 
scribing the  crystal  form  in  relation  to  their  multiple  varieties." 

L.  V.  p. 

3.  Auleitung  zur  Krystallherechnung  von  Dr.  Benno  Hecht. 
8°,  pp.  76.  Leipzig,  1893  (Johann  Barth). — This  small  volume 
gives  in  highly  condensed  shape  the  mathematical  relations  and 
formulsB  necessary  ior  the  calculation  of  crystal  forms  and  ele- 
ments. The  method  employed  is  empirical  and  given  from  a 
purely  mathematical  standpoint.  It  will  be  of  interest  to  those 
engaged  in  crystallographic  studies.  l.  v.  p. 

4.  Gours  de  Mineralogie  prof  esse  a  la  Faculte  des  Sciences  de 
Parte  par  Charles  Friedel,  Mineralogie  generale.  416  pp.  8°, 
Paris,  1893  (G.  Massen). — The  object  of  this  text  book,  so  we 
are  informed  by  the  author  in  the  preface,  is  to  supply  a  more 
general  work  and  one  which  does  not  demand  so  much  training 
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\\\  mathematics  as  do  the  treatises  of  Mallard  and  de  Lapparent, 
and  to  show  as  ^'  simply  as  possible  the  methods  that  the  science 
owes  to  crystallography,  to  physics  and  to  chemistry  in  order  to 
determine  and  classify  minerals."  l.  v.  p. 

5.  Recherches  Mineralogiques^  Edition  Poathume  par  Prof.  M. 
ToLSTOPiATOw.  Moscow,  1893  (Leipsig  in  commission  bei  G. 
Weigand).  8°,  pp.  136.  3  col.  plates. — This  memoir  comprises 
the  results,  naturally  in  somewhat  incomplete  form,  of  the  studies 
of  the  author,  who  was  professor  of  mineralogy  at  the  University 
of  Moscow,  in  crystallogenesis  and  the  optical  and  physical  prop- 
erties of  crystals  and  the  discussion  of  certain  theories  held  by 
him  relating  to  such  phenomena.  An  obituary. of  the  author  is 
also  added.  l.  y.  p. 

6.  A  large  nnio-like  shell  from  the  Coal  measures. — Prof. 
Whiteaves  describes  in  the  Transactions  of  the  Royal  Society  of 
Canada  (Sect,  iv,  1893,  pp.  21-24,  Pt.  I),  a  large  unio-like  shell 
which  he  names  Asthenodonta  Westoni,  discovered  in  the  South 
Joggins  coal  field  by  Mr.  T.  C.  Watson.     The  dimensions  of  the 

.largest  specimens  are  200™°*  by  90"^™. 

7.  Cretaceous  in  Northern  Miimesota. — H.  V.  Wincbell  reports 
the  discovery  of  Cretaceous  deposits  of  probable  Colorado  group 
age,  in  the  Mesabi  range,  Section  20,  twn.  68  N.,  Range  19  W. 
(American  Geologist,  vol.  xii,  p.  220.)  w. 

8.  On  the  evidences  of  a  Submergence  of  Western  Europe  and 
of  the  Mediterranean  Coast,  at  the  close  of  the  Glacial  or  so- 
called  Post-glacial  Period,  and  immediately  preceding  the  Neo- 
lithic, or  Recent  Period;  by  Joseph  Pbestwich,  (Phil,  trans. 
Roy.  Soc.  London,  vol.  clxxxiv  (1893),  A.  pp.  903-984.) — The 
paper  is  illustrated  by  a  map  giving  the  position  of  the  Rubble- 
drift  and  Raised  Beaches  for  Europe  and  Northern  Africa.  The 
author  believes  that  the  phenomena  discussed  indicate  a  tempo- 
rary submergence  beneath  deep  waters  (at  least  200  or  300  feet 
about  the  shores  of  the  Mediterranean),  followed  by  re-elevation 
at  the  close  of  the  Glacial  period  and  commencement  of  the  Neo- 
lithic age.  w. 

9.  The  Canadian  Ice  Age,  being  notes  or  the  Pleistocene 
Geology  of  Canada,  with  special  reference  to  the  life  of  the 
Period  and  its  climatal  conditions,  and  lists  of  the  specimens  in 
the  Museum  (Peter  Redpath  Museum,  McGill  Unversity,  Mon- 
treal) ;  by  Sir  J.  William  Dawson.  Scientific  Publishing  Co., 
New  York,  pp.  301. — The  list  of  Pleistocene  Fossils  (chapter  vi) 
has  been  carefully  revised  up  to  date  and  includes  240  species. 
The  whole  of  the  marine  species  with  two  or  three  exceptions, 
the  author  states,  are  living  northern  or  Arctic  forms  belonging 
to  moderate  depths  or  varying  from  the  littoral  zone  to  100 
fathoms.  Nearly  all  the  marine  species  of  the  Leda  clay  and 
Saxicava  sand  are  still  living  on  the  coasts  opposite  the  points 
where  the  fossils  occur.  The  shells  of  the  lower  bowlder  clay 
and  of  the  more  inland  and  elevated  beds,  regarded  as  older  than 
the  lower  terraces  near  the  coast,   are  more  Arctic  in  character. 
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The  author  further  states  that  no  remains  of  man  or  his  works 
have  yet  been  found  in  the  Pleistocene  of  Canada ;  none  of  the 
implements  discovered  in  alluvial  deposits  go  further  back  than 
the  modern  period  properly  so  called.  w. 

10.  BuUetin  of  the  Dept,  of  Geology^  University  of  California, 
A.  C.  Lawson,  Editor,  Berkeley,  Cal. — Prof.  Lawson  states  that 
it  is  the  intention  to  issue  these  bulletins,  each  embodying  a  special 
piece  of  research,  at  irregular  intervals,  the  bulletins  to  compose 
volumes  of  from  400-500  pages.  The  following  numbers  of  vol. 
I  have  thus  far  appeared.  No.  1,  Geology  of  Carmelo  Bay,  by 
A.  C.  Lawson,  assisted  by  J.  de  la  C.  Posada.  The  structure, 
stratigraphy  an4  geological  history  of  the  district  are  carefully, 
worked  out.  The  petrology  of  the  igneous  rocks  is  considered  in 
detail,  accompanied  by  analyses.  No,  2,  The  Soda  Rhyolite  north 
of  Berkeley,  by  Chas.  Palache.  This  is  a  detailed  study  of  a  very 
acid  effusive  rock  in  which  soda  is  shown  to  be  present  in  rela- 
tively large  amount.  No,  3,  The  Eruptive  Bocks  of  Point 
Bonita,  by  L.  F.  Ransome.  Another  excellent  petrological  paper 
in  which  the  mode  of  occurrence,  petrography  and  chemical  rela- 
tions of  a  series  of  basic  igneous  rocks  is  carefully  worked  out. 
No,  4,  The  Post-Pliocene  Diastrophism  of  the  Coast  of  Southern 
California,  by  A.  C.  Lawson.  This  memoir  contains  the  observa- 
tions and  reasoning  by  which  two  facts  of  general  interest  are 
established :  *'  the  uplift  or  emergence  from  the  sea  of  the  entire 
coast  of  California  from  San  Francisco  to  San  Diego  in  post-Piio- 
cene  time  to  an  extent  of  from  800  to  1,500  feet,"  and  "the  local 
deformation  or  differential  movement  of  the  crust  to  a  remarkable 
degree,  particularly  in  the  vicinity  of  San  Catalina  Island  and 
near  the  city  of  San  Francisco."  These  memoirs  are  well  printed 
and  accompanied  by  excellent  maps,  illustrations,  diagrams,  etc. 

L.  V.  p. 

1 1.  The  Geological  Survey  of  Missouri, — The  new  Board  of 
Managers  of  the  Bureau  of  Geology  and  Mines  met  last  week 
and  passed  a  series  of  resolutions  which  contemplate  a  discon- 
tinuance of  the  geological  survey  of  Missouri  after  June  1st  next. 
The  last  State  Legislature  failed  to  appropriate  sufficient  money 
to  maintain  even  a  reduced  force  and  to  complete,  let  alone  pub- 
lish, the  reports  on  hand.  After  careful  consideration  the  best 
solution  of  the  difficulty  appeared  to  be  the  devotion  of  a  greater 
part  of  the  funds  on  hand  and  appropriated  to  the  publication  of 
three  reports,  on  paleontology,  lead  and  zinc,  and  clays  respec- 
tively, in  the  order  named,  to  abandon  other  work  on  reports  on 
hand,  whether  nearly  completed  or  not,  and  to  suspend  the  work 
of  the  bureau  with  June  1st,  the  services  of  the  State  Geologist 
and  his  staff  to  be  then  dispensed  with. — The  Age  of  Steel,  Jan. 
6,  1893. 

12.  Geikie^s  Fragments  of  Earth  JLore,^ — This  work  is  a  col- 
lection of  articles  some  of  which  have  been  delivered  as  addresses 

*  Fragments  of  Earth  Lore :  sketches  and  addresses,  geological  and  geograph- 
ical.   By  Jaxbs  Gbikib.    Edinburgh,  1893. 
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before  various  learned  societies,  while  others  have  been  published 
in  various  periodicals.  Of  the  fourteen  chapters  of  the  book,  one 
discusses  the  general  relations  between  geography  and  geology, 
with  special  reference  to  methods  of  teaching  geography ;  three 
are  descriptions  of  the  geology  of  Scotland,  or  of  particular  facts 
of  that  country ;  four  treat  of  the  evolution  of  the  main  geo- 
graphical features  of  the  earth  ;  and  six  are  devoted  to  the  dis- 
cussion of  various  phases  of  the  Glacial  Period.  The  dates  of 
delivery  or  publication  of  the  articles  range  from  1876  to  1892. 
As  each  article  was  intended  to  be  complete  in  itself,  and  they 
have  been  republished  in  the  present  volume  with  little  revision, 
there  is  inevitably  considerable  repetition.  But^  each  article  is  a 
valuable  contribution  to  the  knowledge  of  the  subject  of  which 
it  treats.  Without  attempting  to  notice  the  several  articles  in 
detail,  we  propose  to  call  attention  to  some  of  the  most  important 
conclusions,  in  relation  to  the  two  important  subjects  to  whose 
discussion  the  majority  of  the  papers  are  devoted. 

I.  Geographical  Evolution. 

The  author  maintains  the  doctrine  of  the  permanence  of  conti- 
nents and  oceans,  giving  credit  to  Professor  Dana  for  the  first 
clear  enunciation  of  that  doctrine.*  In  support  of  that  doctrine, 
he  refers  to  the  contrast  between  the  formations  in  progress  at 
the  bottom  of  the  ocean,  as  made  known  by  the  naturalists  of  the 
Challenger  and  other  expeditions  for  the  investigation  of  the 
ocean,  and  the  materials  of  which  the  surface  of  our  continents 
and  islands  consist.f  Certain  it  is  that  the  rocks  of  existing  land 
surfaces  are  in  general  very  different  from  the  volcanic  clays  and 
organic  oozes  of  the  ocean  floor. 

Assuming  the  substantial  permanence  of  continent  and  ocean, 
in  the  sense  of  areas  respectively  of  relative  elevation  and  rela- 
tive subsidence,  the  author  holds  that  the  progressive  relative 
subsidence  of  the  ocean  basins  has  led  to  a  progressive  emergence 
of  the  continental  areas,  and  accordingly  a  progressive  increase  in 
the  area  of  dry  land.  That,  in  spite  of  all  oscillations,  this  has 
been  the  general  course  of  geological  history,  there  seems  little 
reason  to  doubt.  A  very  interesting  series  of  maps  is  given,J 
showing  the  areas  of  land  and  sea  in  Paleozoic,  Mesozoic,  and 
Cenozoic  times,  respectively.  It  is  needless  to  say  that  the  indi- 
cations given  by  these  maps  are  intended  only  as  approximations; 
but  they  present  a  picture  of  geographical  evolution  whose  main 
outlines  are  doubtless  true.  These  maps  are  accompanied  by  a 
fourth,  in  which  the  areas  respectively  of  dominant  depression 
and  elevation  are  distinguished,  the  contour  line  of  1000  fathoms 
being  taken  as  the  boundary.  This  boundary,  is,  however,  recog- 
nized as  an  arbitrary  one,§  since  it  is  obvious  "that  the  true 
boundary  of  the  continental  plateau  cannot  lie  parallel  to  the 
surface  of  the  ocean." 
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Id  Chapters  xi  and  xiv,  the  law  of  continental  evolution 
by  gradaal  emergence  is  illustrated  in  the  geological  history  of 
Europe. 

In  Chapter  iii  the  author  gives  a  classification  of  mountains, 
dividing  them  into  mountains  of  accumulation,  mountains  of  ele- 
vation, and  mountains  of  circumdenudation.* 

The  chapter  on  Mountains  presents  some  very  interesting 
views  in  regard  to  the  decay  of  mountains  under  erosive  agencies. 
The  weakness  of  anticlinals,  and  their  tendency  to  degradation 
is  shown  in  a  very  striking  way.f  The  tendency  to  the  forma- 
tion of  synclinal  ndges  and  anticlinal  valleys  is,  nevertheless, 
stated,  in  our  judgment,  rather  too  broadly.  Davis  has  shown 
that  the  preservation  or  reversal  of  the  primitive  topography  of 
anticlinal  ridges  and  synclinal  valleys  depends  on  the  particular 
relation  between  hard  beds  and  the  base  level  of  the  streams.J 
An  interesting  suggestion  of  our  author  is  that  of  the  frequency 
of  disastrous  rock-falls  in  the  Alj)S  and  oiher  young  mountain 
ranges,  as  compared  with  their  rarity  in  old  mountain  regions.§ 
In  the  latter  case  there  has  been  time  for  the  removal  of  all 
especially  weak  and  unstable  structures. 

The  Evolution  of  Climate  is  discussed  in  Chapter  xii.  Our 
author  follows  Heilprin  in  doubting  the  sufficiency  of  Neumayr's 
evidence  of  the  differentiation  of  climatic  zones  in  the  Jurassic.|| 
Cosmopolitan  species  are,  however,  less  numerous  in  the  Creta- 
ceous than  in  earlier  formations;  and  in  the  Tertiary  the  distinc- 
tion of  zones  is  unquestionable.^^  The  temperate  climate  of  high 
northern  latitudes  even  as  late  as  the  Tertiary  our  author  attrib- 
utes to  the  submergence  of  a  great  tract  in  Asia,  of  which  the 
Aralo-Caspian  depression  is  a  remnant,  permitting  warm  currents 
from  the  Indian  Ocean  to  find  their  way  into  the  Arctic.** 

Professor  Geikie  maintains  CroU's  tlieory  of  the  cause  of  the 
Olacial  Period.  Although  the  small  amount  of  dry  land  in  the 
early  periods,  and  the  free  movements  of  warm  waters  into  Arc- 
tic regions,  rendered  any  general  glaciation  impossible,  he  yet 
believes  that,  in  epochs  of  high  eccentricity,  the  temperature  was 
so  far  reduced  as  to  develop  ice  action  in  some  localities.  Traces 
of  such  action,  he  believes,  are  found  as  early  as  the  Devonian, 
in  the  Lammermuir  and  Cheviot  Hills. ff 

II.  The  Glacial  Period. 

It  is  needless  to  say  that  Prof.  Geikie  adheres  to  the  doctrine 
that  the  characteristic  phenomena  of  the  Drift  are  due  chiefly  to 
land  ice.  There  is  so  general  agreement  among  geologists  on 
that  conclusion,  that  argument  thereon  is  well  nigh  superfluous. 
We  will,  however,  call  attention  to  the  exceedingly  interesting 
discussion  in  Chapter  vii,  on  The  Intercrossing  of  Erratics  in 
Glacial  Deposits.     The  objection    sometimes  still  offered  to  the 
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glacier  theory,  based  on  the  transportation  of  bowlders  in  differ- 
ent or  opposite  directions  over  the  same  area,  as  if  they  bad  been 
borne  by  icebergs  driven  about  by  changing  winds,  is  triumph- 
antly answered.  In  the  case  of  a  number  of  localities  in  France, 
Germany,  and  Britain,  it  is  shown  that  the  comparatively  local 
glaciers  of  an  incipient  or  waning  glacial  epoch  would  necessa- 
rily move  in  a  different — sometimes  even  in  an  opposite — direc- 
tion from  that  of  the  portions  of  the  huge  confluent  glaciers  by 
which  the  same  regions  were  covered  in  the  culmination  of  a  gla- 
cial epoch.  The  phenomena  in  question  are  thus  shown  to  be  an 
inevitable  consequence  of  the  glacier  theory. 

In  this,  as  in  his  former  works.  Professor  Geikie  advocates  the 
doctrine  of  a  plurality  of  glacial  epochs.  The  following  is  the 
series  of  Glacial  Epochs,  according  to  his  latest  views:* 

''1.  Epoch  of  Earliest  Baltic  Glacier. — Lowest  bowlder-clay 
of  southern  Sweden  ;  lowest  bowlder-clay  of  Baltic  provinces  of 
Prussia ;  horizon  of  the  Weybourn  Crag. 

2.  Epoch  of  Greatest  Mer  de  Glace, — Lower  bowlder-clays  of 
middle  and  southern  Germany,  central  Russia,  British  Islands; 
second  bowlder-clay  of  Baltic  provinces  of  Prussia. 

3.  Epoch  of  Lesser  Mer  de  Glace, — Upper  bowlder-clay  of 
western  and  middle  Germany,  Poland,  and  west  central  Russia ; 
upper  bowlder-clay  of  Britain  ;  third  bowlder-clay  of  Baltic  prov- 
inces of  Prussia. 

4.  Epoch  of  Last  Great  Baltic  Glacier. — Upper  bowlder-clay 
and  terminal  moraines  of  Baltic  coast-lands ;  district  and  valley 
moraines  of  Highlands  and  Uplands  of  British  Islands. 

5.  Epoch  of  Small  Local  Glaciers, — Valley  moraines  in  moun- 
tainous regions  of  Britain,  etc." 

A  fuller  presentation  of  the  evidence  of  the  views  set  forth  in 
the  above  table  is  promised  in  the  forthcoming  new  edition  of 
"  The  Great  Ice  Age." 

The  problem  of  the  Loess  is  the  subject  of  valuable  diseussion.f 
The  eolian  theory  is  rejected,  largely  on  the  ground  that  the 
prevalence  of  an  excessively  dry  climate  is  inconceivable,  since 
"the  loess  is  intimately  associated  with  accumulations,  the  gla- 
cial and  fluvio-glacial  origin  of  which  cannot  be  doubted. "J  The 
loess  is  considered,  in  the  main,  "  an  inundation-mud  deposited 
in  temporary  lakes  and  over  flooded  areas  during  the  summer 
meltings  of  the  snow-  and  ice-fields."  Darwin's  suggestion  is 
approved,  that  many  valleys  were  choked  with  snow,  whereby 
the  flooded  rivers  were  often  compelled  to  flow  in  temporary 
channels  at  levels  far  above  the  bottoms  of  the  valley 8§ — a  sug- 
gestion which  finds  confirmation  in  some  remarkable  phenomena 
observed  in  Alaska.  The  loess  of  north  Germany  is  held  to  have 
been  formed  in  a  lake  enclosed  between  the  front  of  the  ice-sheet 
and  the  foot-hills  of  the  mountains  of  central  Germany.|| 
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Professor  Greikie  appeals  to  the  occurrence  df  boreal  and  arctic 
shells  in  Quaternary  marine  deposits  as  proving  that  glacial  con- 
ditions have  been  for  some  reason  associated  with  submergence 
rather  than  with  emergence  of  the  land.  ''  Each  glacial  epoch," 
he  says, ''  was  preceded  and  accompanied  by  partial  submergence 
of  the  land."*  We  query  whether  the  correlation  of  the  deposits 
has  been  worked  out  with  sufficient  accuracy  to  exclude  the  view 
of  LeConte,  that  a  glacial  climate  may  have  been  preceded  and 
occasioned  by  elevation,  but  may  have  continued  after  consider- 
able subsidence  had  taken  place,  the  various  effects  lagging 
behind  their  causes.f  It  may  be  remarked  parenthetically  that 
Professor  Geikie  no  longer  holds  to  a  deep  Quaternary  submerg- 
ence of  Britain,  regarding  the  marine  shells  of  Moel  Tryfaen  as 
"  erratics."J 

The  co-existence  of  northern  and  southern  forms  of  vegetation 
in  interglacial  deposits  is  appealed  to  as  showing  that  the  climate 
in  such  epochs  was  exactly  what  the  eccentricity  theory  requires 
— a  climate  of  mild  winters  and  cool  summer8.§ 

Professor  Geikie  refers  to  the  estimates  of  Gilbert  and  Win- 
chell  on  the  recession  of  Niagara  and  St.  Anthony's  Falls,  but 
rejects  them  as  unreliable.  || 

The  relation  of  the  succession  of  geological  events  in  the  Qua- 
ternary to  the  history  man,  is  briefly  treated.  It  is  maintained 
that  paleolithic  man  and  the  southern  pachyderms  with  which  he 
had  been  associated  retired  from  England  before  the  epoch  of 
the  Second  Mer  de  Glace  [the  third  of  the  five  glacial  epochs  in 
the  table  which  we  have  quoted],  and  never  returned  to  Britain 
or  northwestern  Europe.l^ 

In  conclusion,  we  would  express  our  regret  that  a  book  of  over 
four  hundred  octavo  pages,  containing  so  much  that  is  interest- 
ing and  valuable  of  fact  and  theory,  should  not  be  provided  with 
an  index. 

13.  Economic  Oeology  of  the  United  States;  by  Ralph  S. 
Tabb  (Cornell  University),  pp.  509  (Macmillan  &  Co.),  1894. — 
This  is  the  latest  of  the  attempts  to  popularize  the  facts  of 
geology  by  presenting  them  from  the  point  of  view  of  local  dis- 
tribution and  commercial  value,  and  from  this  point  of  view  is 
well  adapted  for  the  American  students.  Economic  geology  was 
introduced  as  a  special  feature  at  Cornell  University  first  with 
the  use  of  David  Page's  Economic  Geology,  or  Geology  in  its 
relations  to  the  Arts  and  Manufactures  (1874),  a  year  or  two  later 
an  elaborate  synopsis  of  lectures  for  the  course  was  prepared  by 
T.  B.  Comstock.  Later  (1886)  Samuel  G.  Williams,  now  Profes- 
sor of  Pedagogy  at  Cornell,  prepared  Applied  Geology  (Apple- 
ton's)  on  the  same  lines.  In  1893  appeared  Ore  deposits  of  the 
United  States,  by  James  F.  Kemp  (now  Professor  of  Geology  at 
Columbia  School  of  Mines),  (The  Scientific  publishing  company) 
1894,  a  valuable  work  for  others  than  elementary  students.     The 
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present  work  is  much  on  the  same  plan  as  Page's  book  with  the 
statistics  and  distribution  of  American  products  made  more  com- 
plete and  prominent ;  and  the  author  has  added  several  excellent 
chapters  on  structural  geology  and  physical  geography  which 
removes  the  book  from  being  an  aggregate  of  statistics  regarding 
valuable  geological  products.  w. 


111.    Astronomy  and  Seismology. 

1 .  The  force  that  acts  on  the  meteoroids  after  they  have  left  the 
comets,  — (Communication  by  H.  A.  Newton  to  the  American 
Philosophical  Society  at  its  recent  sesquicentennial.) 

There  are  in  the  comets  so  many  questions  that  we  cannot 
answer,  so  many  curious  and  wonderful  phenomena  that  are  un- 
explained, that  I  am  sure  you  will  accept  any  explanation  of  any 
of  them  that  seems  plausible,  as  a  matter  of  interest.  From  a 
comet  there  is  continually  driven  off  matter  forming  the  tail,  a 
light  substance,  and  astronomers  are  agreed  that  the  force  that 
acts  on  the  matter  which  forms  the  tail  is  a  repulsive  force  from 
the  sun  acting  inversely  as  the  square  of  the  distance,  the  force 
of  the  repulsion  being  greater  than  that  of  attraction. 

Not  only  is  this  true,  but  different  parts  of  that  tail  are  acted 
upon  by  repulsive  forces  of  different  powers ;  otherwise  the  tail 
would  form  across  the  sky  a  single  line  instead  of  a  broad,  ex- 
panded mass  of  light  such  as  we  see.  From  the  comet,  however, 
there  are  driven  off"  also,  or  there  are  separated  other  things 
entirely  distinct  from  the  tail,  small  bodies,  which  are  not  thus 
driven  away,  which  are  not  visible,  but  follow  along  closely  in 
the  path  of  the  comet,  and  whenever  the  occasion  comes,  that  is 
when  we  go  through  a  group  of  them,  those  give  us  our  shooting 
-^tars. 

The  Biela  comet,  in  the  period  about  1840,  passed  near  to 
Jupiter.  At  that  time  it  was  turned  pretty  sharply  out  of  its 
orbit,  the  inclination  of  the  orbit  being  turned  several  degrees, 
and  the  node  being  carried  forward  also  several  degrees,  repre- 
sented by  several  days  in  the  time  at  which  we  crossed  the  path 
of  the  comet. 

After  1840  the  bodies  which  formed  the  meteors  that  were  met 
in  1872  and  in  1885  were  separated  from  one  or  other  parts  of 
the  Biela  comet.  I  say  after  1840,  because  if  they  had  been 
separated  earlier  they  would  have  given  us  a  different  radiant  in 
the  skies,  the  one  given  by  the  Biela  meteors  of  1838.  The 
radiant  was  changed,  the  node  was  changed,  all  to  correspond  to 
the  new  orbit,  and  these  bodies  could  not  have  been  turned  in 
that  way  had  they  been  before  scattered,  because  the  force  that 
acted  on  them,  the  attraction  of  Jupiter,  would  have  scattered 
the  group  instead  of  giving  us  that  single  compact  group  through 
which  we  passed  in  1872  and  1885  in  the  course  of  four  or  five 
hours,  and  the  bulk  of  them  even  in  two  hours. 
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In  1872,  tfae  comet  was  soroething  like  200,000,000  miles  away 
from  the  bodies  that  we  met  as  we  passed  through  them  on  the 
2'i'th  of  November,  giving  us  a  brilliant  shower.  Thirteen  years 
later  we  passed  through  the  group  again,  and  then  we  were  some- 
thing like  300,000,000  miles  ahead  of  the  group.  So  that  some 
of  the  particles,  leaving  the  comet  between  1840  and  1870,  had 
fallen  behind  and  others  between  1840  and  1885  had  gained. 

What  should  separate  those  particles?  What  are  the  forces 
which  carried  off  those  particles  so  many  miles — 200,000,000  miles 
on  the  one  hand  and  300,000,000  miles  on  the  other,  in  round 
numbers?  The  force  that  acts  on  them  must  be  a  force  acting  in 
one  plane,  that  is,  the  plane  of  the  orbit  of  the  comet.  Any  force 
acting  in  other  planes  would  have  scattered  the  group  and  we 
would  not  have  met  them  as  a  single  definite  group  at  the  times 
named;  but  if  it  acts  in  the  plane,  only  scattering  them  on  the 
plane,  they  would  be  together  as  we  saw  them. 

In  that  plane,  it  must  be  either  an  impulsive  force  acting  once 
or  it  must  be  a  constant  force  acting  continually.  The  only 
bodies  in  that  plane  are  the  comets  and  the  sun,  and  if  the  force 
is  a  continuous  force  it  must  be  from  the  comet  or  from  the  sun. 
It  is  almost  inconceivable  to  suppose  that  the  comet  could  have 
sent  them  off,  either  impulsively  or  continuously,  in  such  a  way 
as  to  give  us  the  distance  of  200,000,000  and  300,000,000  miles 
in  the  course  of  thirty  years;  it  would  require  far  more  than  any 
velocity  that  we  can  give  in  our  terrestrial  experiments,  and  we 
have  no  reason  to  suppose  that  there  is  any  such  power  of  impul- 
sion. Moreover,  if  the  impulsion  came  from  the  comet,  they 
would  go  in  all  directions  and  their  character,  as  being  in  a  plane, 
would  have  been  entirely  lost. 

We  are  then  thrown  back  on  this  one  hypothesis,  that  the  sun 
is  the  source  of  that  force.  In  other  words,  we  are  led  to  extend 
the  idea  that  I  gave  you  in  the  beginning,  and  which  is  accepted 
by  astronomers,  that  the  material  which  goes  off  from  the  comet, 
after  it  leaves  it,  is  subject  to  a  force  like  that  of  attraction  but 
differing  in  its  intensity.  In  the  case  of  the  tail,  it  is  a  repulsive 
force.  To  satisfy  these  conditions  of  separation,  part  in  one 
direction  and  part  in  the  other,  from  the  comet,  we  must  have  an 
attraction  in  the  one  case  exceeding  the  attraction  of  gravitation 
and,  in  the  other,  an  attraction  less  than  the  attraction  of  grav- 
itation. In  other  words,  these  little  bodies  of  hard  matter  that 
go  off  from  the  comet  and  follow  very  nearly  in  its  train  are 
acted  on  not  in  proportion  to  this  mass  like  the  force  that  acts  on 
the  planets  in  their  orbits. 

I  see  no  escape,  myself,  from  this  conclusion.  What  it  means,  I 
must  leave  to  you  to  decide.  Our  experiments  make  it  very  im- 
probable that  the  attraction  of  matter  differs  in  any  way  from 
proportion  to  the  mass.  It  looks  to  me  as  though  the  more 
natural  explanation  is  that,  in  some  way,  the  materials  which  go 
off  from  the  comet  carry  with  them  a  load  of  electricity,  or 
something  of  that  kind,  by  which  they  have  a  permanent  repul- 
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sion  or  permanent  atttraction  sufficient  to  cfaange  the  orbit  alto- 
gether, not  in  kind,  but  in  a  steady  change,  throwing  them  into  a 
new  orbit  with  a  new  period,  and  thus  scattering  them. 

What  that  added  force  must  be,  we  cannot  very  well  tell,  be- 
cause it  difiers  according  to  the  place  in  the  orbit  where  the  dis- 
integration takes  place.  If  that  disintegration  takes  place  near 
the  sun,  it  is  one  thing  ;  if  it  takes  place  near  Jupiter,  it  is  an- 
other. It  looks  more  to  me  as  though  there  was  a  disintegration 
all  along  the  line  of  the  comet's  orbit,  giving  us  small  particles 
with  all  sorts  of  loads  of  electricity  and  all  sorts  of  differences  of 
central  attraction  and  differences  of  orbits,  and  thus  they  get 
widely  scattered  so  as  to  give  us  the  showers  a  long  distance 
from  the  comet  itseU'.  The  maximum  amount  of  this  change 
would  have  to  be  something  like  the  tenth  part,  possibly,  or  some- 
thing less  than  that.  I  should  think  that  all  the  phenomena  of 
the  meteoroids  could  be  explained  by  a  change  amounting  to 
one-tenth  of  the  attraction ;  that  is,  if  the  small  particle  carries  a 
load  of  electricity  such  as  to  diminish  the  attraction  to  say  nine- 
tenths  of  the  original  attractive  force  of  the  sun,  or  increase  it  to 
eleven-tenths,  it  will  explain  th*^  phenomena. 

If  that  is  the  explanation,  we  come  to  this  further  conclusion 
of  interest,  that  the  space  through  which  these  comets  move  is 
not  such  that  the  electricity  which  the  particle  carries  can  be 
lost.  Another  practical  point  would  be  that,  in  the  discussion  of 
the  separation  of  these  comet  masses  that  through  the  telescope 
we  see  going  on  as  the  comets  pass  the  sun,  there  might  fairly 
be  introduced  an  unknown  correction  of  the  force  of  central 
attraction. 

2.  Photographs  of  August  and  December  Meteors. — At  the 
Yale  Observatory  Dr.  Elkin  made  trial  in  August  last  to  deter- 
mine whether,  with  a  reasonable  amount  of  labor,  tracks  of  meteor 
flights  could  be  secured  upon  photographic  plates.  On  the  even- 
ing of  Aug.  9th,  he  exposed  three  plates.  The  camera  had  a  six 
inch  lens  of  thirty-two  inches  focus.  This  instrument  had  been 
purchased  and  presented  to  the  Observatory  by  Mr.  Cyi)rian  S. 
Brainerd  of  Brooklyn  who  was  interested  in  the  experiments.  It 
was  attached  to  the  mounting  of  the  eight-inch  equatorial  and 
directed  as  nearly  as  convenient  to  the  radiaiit  in  Perseus.  The 
total  time  ol  exposure  was  four  hours,  and  during  the  period 
careful  watch  was  kept  to  note  the  time,  etc.  of  any  meteors  cross- 
ing that  part  of  the  heavens  which  would  appear  on  the  plate. 
Three  meteor  tracks  were  secured,  one  of  which  was  very  bright 
and  left  on  the  plate  a  line  nearly  six  degrees  long.  This  is  a 
true  Perseid,  as  was  one  of  the  other  two  tracks. 

On  the  same  evening  Mr.  John  E.  Lewis  of  Ansonia  exposed 
plates  in  a  stationary  camera,  and  the  brightest  of  the  three 
tracks  was  secured  on  one  of  his  plates.  A  provisional  computa- 
tion shows  that  this  meteor  tirst  begun  to  print  its  path  on  the 
Observatory  plate  at  a  height  from  the  sea-level  of  68'0  miles. 
It  ceased  to  print  when  it  was  51*65  miles  high.     The  length  of 
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track  between  these  points  was  29*3  miles.  The  velocity  with 
which  a  Perseid  enters  the  air  is  37*2  miles  per  second  ;  hence  the 
duration  of  the  flight  was  probably  less  than  one  second. 

On  the  following  evening  plates  were  exposed  without  success. 
Everything  was  in  readiness  on  the  16th  and  16th  of  November, 
in  case  the  Leonids  should  appear  in  sufficient  numbers  to  justify 
the  exposure  of  plates.  The  moonlight  and  clouds  interfered 
on  the  23d  to  27th  of  November,  when  theBielids  might  possibly 
appear  in  moderate  numbers. 

On  the  evening  of  December  10th,  the  work  was  again  resumed, 
and  several  plates  were  exposed,  two  cameras  being  used.  They 
were  directed  near  to  the  Geminid  radiant,  and  three  tracks  of 
true  Geminids  were  secured.  Mr.  Lewis  at  Ansonia  joined  in  the 
work,  but  upon  his  plates  only  one  possible  trace  was  printed. 
This  is  too  doubtful  to  be  safely  used. 

The  three  Observatory  tracks  meet  very  nearly  in  a  point.  In 
fact  a  provisional  computation  based  upon  the  Bonn  charts,  and 
allowing  for  differences  of  zenith  attraction  of  the  meteors  makes 
the  circle  inscribed  in  the  small  triangle  formed  by  the  tracks 
produced  backward  less  than  one  minute  in  diameter.  The  Bonn 
Durchmusterung  star-places  do  not  justify  this  degree  of  accuracy. 

The  experiment  shows  that  with  a  reasonable  amount  of  labor 
we  can  get  photographs  of  meteor  tracks.  The  accuracy  of  results 
obtained  from  the  photographs  is  unspeakably  greater  than  those 
gotten  by  any  other  known  method.  h.  a.  n. 

3.  On  the  Annual  and  Semi-annual  Seismic  Periods/  by 
Charles  Davison,  (from  the  Proceedings  of  the  Royal  Society, 
vol.  liv,  pp.  82-85.) — (Abstract).  Melhod  of  Investigation, — The 
method  adopted  is  similar  to  that  employed  by  Dr.  C.  G.  Knott 
in  his  paper  on  "  Earthquake  Frequency." 

A  definition  of  the  unit  earthquake  having  been  adopted,  the 
earthquakes  of  different  districts  are  classified  in  hall-monthly 
groups,  the  first  half  of  February  containing  fourteen  days,  and 
of  all  the  other  months  fifteen  days ;  and  the  numbers  so  ob- 
tained are  reduced  to  intervals  of  equal  length  (fifteen  days). 
The  numbers  for  the  two  halves  of  each  month  are  added 
together.  The  mean  of  the  numbers  for  the  six  months  from 
November  to  April  gives  the  six-monthly  mean  corresponding  to 
the  end  of  January.  Six-monthly  means  are  calculated  in  this 
way  for  the  end  of  each  month ;  each  mean  is  divided  by  the 
average  of  all  twelve,  and  the  difference  between  each  quotient 
and  unity  is  multiplied  by  the  augmenting  factor  1*589,  in  order 
to  obtain  the  correct  value  of  the  ratio  a,  :  a^.  The  curve  ob- 
tained by  plotting  these  reduced  means  thus  gives  special  pro- 
minence to  the  annual  period,  by  eliminating  the  semi-annual 
period  and  all  those  which  are  fractions  of  six  months,  and  by 
diminishing  the  amplitudes  of  all  other  periods  with  respect  to 
that  of  the  annual  period. 

In  investigating  the  semi-annual  period,  the  numbers  corres- 
ponding to  the  first  halves  of  January  and  July  are  added  to- 
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gether,  and  so  on  ;  the  rest  of  the  method  being  the  same  as  for 
the  annual  period.  The  result  gives  special  prominence  to  the 
semi-annual  period  by  eliminating  the  annual  period,  and  by 
eliminating  or  diminishing  the  amplitudes  of  all  periods  less  than 
six  months. 

Seismic  Periodicity  in  relation  to  Intensity, — This  discussion 
is  founded  on :  (1)  lists  compiled  from  Mallet's  great  catalogue, 
first,  of  shocks  which  were  so  slight  as  to  be  just  perceptible, 
and,  secondly,  of  those  which  were  strong  enough  to  damage 
buildings;  (2)  Professor  Milne's  classification  of  the  Japanese 
earthquakes  of  1885  to  1889  according  to  the  areas  disturbed  by 
them  ;  and  (.i)  different  catalogues  relating  to  the  same  district, 
it  being  obvious  that  two  such  catalogues  for  the  same  time  can 
only  differ  by  the  omission  or  inclusion  of  slight  shocks. 

The  following  results  are  obtained:  (1)  In  both  periods,  the 
amplitude  is  greater  for  slight  than  for  strong  shocks;  (2)  there 
appear  to  be  two  classes  of  slight  shocks  with  an  annual  period, 
the  stronger  having  their  maximum  in  winter,  the  weaker  in 
summer  ;  and  (3)  in  the  case  of  the  semi-annual  period,  both 
strong  and  slight  shocks,  as  a  rule,  have  nearly  the  same  maxi- 
mum epochs. 

Seismic  Periodicity  in  relation  to  Geographical  Position, — ^The 
number  of  records  examined  is  62,  45  belonging  to  the  northern 
hemisphere,  1 4  to  the  southern,  and  3  to  equatorial  countries. 

Aiinual  Period, — In  every  district,  and  in  all  but  five  records 
(which  are  obviously  incomplete),  there  is  a  fairly  well-marked 
annual  period.  As  a  rule,  different  records  for  the  same  district 
agree  in  giving  the  same,  or  nearly  the  same,  maximum  epoch. 
Excluding,  however,  those  which  disagree  in  this  respect,  we 
have  left  34  records  for  the  northern  hemisphere,  9  for  the  south- 
ern, and  2  for  equatorial  countries.  In  the  northern  hemisphere, 
4  records  give  the  maximum  in  November,  16  in  December,  and 
6  in  January ;  in  the  southern  hemisphere,  2  in  April,  2  in  May, 
3  in  July,  and  2  in  August ;  the  end  of  the  month  being  sup- 
posed in  each  case.  As  a  rule,  then,  the  maximum  epoch  occurs 
in  winter  in  both  hemispheres.  The  amplitude  of  the  annual 
period  ranges  from  0*05  (New  Zealand)  to  0*67  (Sicily  and 
Algeria)  the  average  of  57  records  being  0*33. 

Semi-dKHual  Period. — Of  the  62  records  examined,  only  3  fail 
to  show  a  semi-annual  period,  the  cause  of  the  failure  in  these 
cases  being  no  doubt  the  imperfection  of  the  seismic  record.  In 
New  Zealand  and  Southeast  Australia,  the  maximum  epoch  gen- 
erally falls  either  in  February  or  March  and  August  or  Septem- 
ber; in  North  America,  as  a  rule,  in  March  or  April  and  Sep- 
tember or  October.  But  for  other  reocions  it  does  not  seem 
possible  as  yet  to  deduce  any  law.  The  amplitude  of  the  semi- 
annual period  ranges  from  0*06  (southern  hemisphere)  to  0*79. 
(Mexico),  the  average  value  being  0*24. 

In   fifteen    cases,   the   amplitude   of    the    semi-annaal   period 
exceeds   that   of  the   annual   period.     Eleven  of  these   records 
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include  the  following  insular  districts,  which  are  among  the  most 
well-marked  seismic  regions  in  the  world,  namely,  the  Grecian 
Archipelago,  Japan,  the  Malay  Archipelago,  New  Zealand,  and 
the  West  Indies.  The  average  amplitude  of  the  annual  period 
in  these  eleven  cases  is  0*16,  and  that  of  the  semi-annual  period 
0*24  ;  L  e.j  the  average  amplitude  of  the  annual  period  is  just 
half  that  for  all  the  districts  examined,  while  in  the  case  of  the 
semi-annual  period  the  average  amplitudes  are  the  same. 

Origin  of  the  Annual  Period. — In  this,  the  concluding,  sec- 
tion of  the  paper,  an  attempt  is  made  to  show  that  the  annual 
change  in  barometric  pressure  may  be  the  cause  of  the  annual 
change  in  seismic  frequency.  It  would  be  difficult  to  prove  that 
such  a  connection  exists,  but  reasons  are  given  which  seem  to 
render  it  in  some  degree  probable. 

The  most  probable  cause  of  the  origin  of  the  majority  of  non- 
volcanic  earthquakes  is  the  impulsive  friction,  due  to  slipping,  of 
the  two  rock-surfaces  of  a  fault.  Now,  whatever  be  the  causes 
of  seismic  periodicity,  it  seems  probable  that  they  are  merely 
auxiliary,  and  determine  the  epoch  when  an  earthquake  shall 
take  place,  rather  than  there  shall  be  an  earthquake  at  all.  Pro- 
fessor G.  H.  Darwin  has  shown  that  the  vertical  displacement  of 
the  earth's  surface  by  parallel  waves  of  barometric  elevation  and 
depression  is  not  inconsiderable,  and  that  it  diminishes  at  first 
very  slowly  as  the  depth  increases.  Since  the  fault-slip  which 
produces  even  a  moderately  strong  shock  must  be  very  small, 
and  since  the  work  to  be  done  in  such  a  case  is,  not  the  compres- 
sion of  solid  rock,  but  the  slight  depression  of  a  fractured  mass 
whose  support  is  nearly,  but  not  quite,  withdrawn,  the  annual 
range  of  barometric  pressure  does  not  seem  incompetent  to  pro- 
duce the  effects  observed. 

Comparisons  between  the  dates  of  the  maximum  epochs  of  the 
seismic  and  barometric  annual  periods  are  made  in  31  of  the  dis- 
tricts treated  in  this  paper.  The  seismic  maximum  approxi- 
mately coincides  with  the  barometric  maximum  in  10  districts, 
and  follows  it  by  about  one  month  in  9,  and  by  about  two 
months  in  4,  districts;  the  other  cases  generally  admitting  of 
some  explanation. 

In  several  insular  seismic  districts,  and  especially  in  Japan  and 
New  Zealand,  the  amplitude  of  the  annual  period  is  very  small ; 
and,  if  many  of  the  earthquakes  of  these  districts  originate 
beneath  the  sea,  this  should  be  the  case ;  for,  in  the  course  of  a 
year,  as  the  barometric  pressure  changes,  the  sea  will  have  time 
to  take  up  its  equilibrium  position,  and  thus  the  total  pressure  on 
the  sea-bottom  will  be  unaltered. 

lY.    Miscellaneous  Scientific  Intelligence. 

1.  On  the  laws  of  organic  growth.  Bioplastologtj  and  the 
related  branches  of  Biologic  research  \  by  Alpheus  Hyatt. 
(Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxvi,  pp.  59-125.) — Prof.  Hyatt 


158  Scientific  Intelligence. 

has  contributed  greatly  to  the  elucidation  of  the  laws  of  embryo- 
logical  development  and  its  relation  to  paleontological  succession 
in  his  numerous  papers  on  Cephalopods.  Stimulated  by  some 
criticism  of  his  nomenclature,  recently  made  by  Messrs.  Buckman 
and  Bather,*  he  has  set  forth  at  considerable  length  and  detail 
his  views  regarding  the  four  different  lines  of  research  which  are 
usually  described  by  the  popular  terms  growth,  heredity,  acquired 
characteristics  and  the  correlations  of  development  of  the  indi- 
vidual (ontogeny),  with  the  evolution  of  the  group  to  which  it 
belongs  (phylogeny).  He  proposes  to  use  the  technical  names 
auxology  or  hathmology  for  the  first,  genesiology,  for  heredity; 
ctetology  for  the  origin  of  acquired  characters  and  hioplastology 
for  the  correlation  of  ontogeny  and  phylogeny,  and  describes  the 
field  of  research  and  the  special  nomenclature  required  for  each. 
As  an  analysis  of  the  precise  methods  of  research  of  the  advanced 
investigators  in  biology  this  is  a  useful  and  timely  contribution. 

w. 

2.  A  Bibliography  of  Vertebrate  Embryology ^  by  Chas.  S. 
MiNOT  (Memoirs  Boston  Society  Nat.  Hist.,  vol.  iv,  No.  XI, 
pp.  487-614). — This  is  an  elaborate,  thoroughly  classified  list  of 
3556  titles  of  works  treating  directly  or  indirectly  upon  verte- 
brate embryology,  classified  primarily  under  64  groups  of  sub- 
jects, then  by  authors  alphabetically  arranged. 

3.  A  theory  of  Developme?}t  and  Heredity,  by  Henry  B. 
Obr,  Ph.D.,  225  pp.  8vo,  (Macmillan  &  Co.) — This  is  a  theory  of 
evolution  from  the  psycho-physiological  point  of  view.  The  sub- 
stance of  Prof.  Orr's  theory  is  given  in  the  following  sentences : 
"It  would  be  difficult  in  the  face  of  the  facts  to  imagine  that 
organic  development  differs  in  nature  from  psychic  activity,  or 
rather  to  speak  more  accurately,  from  the  material  accompani- 
ment of  psychic  activity"  (p.  239),  and  "the  intelligent  human 
action  and  the  simplest  process  of  growth  are  thus  alike  the 
necessary  result  of  the  stimuli  which  are  momentarily  acting, 
and  those  which  have  acted  upon  the  organism  through  its  racial 
and  individual  existence  "  (p.  242).  w. 

4.  Bulletin  from  the  Laboratories  of  Natural  Htstory  o^  thit 
State  University  of  Iowa,  Vol.  II,  No.  4,  pp.  296-415,  Plates 
I-Xn,  Nov.,  1893.  Iowa  City,  Iowa. — This  number  contains  ten 
separate  papers,  the  majority  of  which  are  micro-anatomical 
studies  of  animals  and  plants.  Mr.  Shimek  in  the  fifth  paper 
gives  an  account  of  a  Botanical  Expedition  to  Nicaragua  in 
which  the  country  traversed  and  its  climatic  conditions  are  de- 
scribed. The  number  and  kinds  of  plants  gathered  is  given  bat 
without  generic  or  specific  definition.  Prof.  McBride  described 
(p.  391)  a  new  Cycad,  Bennettites  Dacotensis  from  supposed 
Mesozoic  rocks,  near  Minnekahta,  S.  Dak.,  the  description  having 
originally  appeared  in  Am.  Geologist,  Oct.,  1893.  w. 

5.  Horns  and  Hoofs ^  or  Chapters  07i  Hoof ed  Animals ;  by  R 
Lydekker,  pp.  411  (Horace  Cox,  London,  1893). — The  work  isa 

*Zool.  Anz ,  XV,  p.  420  and  429,  Nov.  1892. 
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popular  treatment  of  the  Natural  History  of  hoofed  big  game  of 
all  parts  of  the  world,  in  which  is  found,  of  scientific  interest,  the 
discussion  of  their  present  and  past  distribution.  Numerous 
illustrations  of  the  horns  of  the  different  species  are  inserted  in 
the  text.  w. 

6.  Our  native  Birds  of  song  and  beauty  ;  by  Henry  Nehrling. 
Vol.  I,  pp.  i-1 ;  and  371  (George  Brumder,  Milwaukee). — This  is 
a  beautifully  made  book  containing  eighteen,  full  page,  colored 
plates  illustrating  the  song  birds  and  flycatchers  of  North 
America.  Prepared  for  the  general  public,  it  contains  information 
of  scientific  interest  regarding  the  geographical  distributions  and 

habits  of  the  birds  under  discussion.  w. 

»  

7.  Les  Emuhs  de  Darwin^  by  A.  de  Quatrepages.  Two  vols. 
1894  (F61ix  Alcan,  Paris). — A  preface  by  Edmond  Perrier,  intro- 
duces the  first  volume,  followed  by  a  notice  of  the  life  and  works 
of  M.  Quartrefages  by  E.  T.  Haamy.  The  author  has  attempted 
to  review  the  conceptions  of  the  chief  rivals  of  Darwin,  those 
who  have  either  advanced  new  theories  or  have  sought  to  perfect 
the  Darwinian  theory,  and  the  following  names  have  been  con- 
sidered :  Alfred  R.  Wallace,  M.  Naudin,  M.  J.  Romanes,  Carl 
Vogt,  Ernest  Haeckel,  T.  H.  Huxley,  Richard  Owen,  St.  G. 
Mivart,  A.  Gubler  and  A.  Koelliker,  M.  Trury,  D'Omalreius 
d'Halloy,  and  Erasmus  Darwin. 

Upon  closing  the  book  the  author  says  (translated) :  "  From 
this  detailed  examination,  which  we  have  endeavored  to  make  as 
impartial  as  possible,  one  unpleasant  impression  is  left :  that  of 
our  inability  to  solve  aictually  the  great  problem  which  so  many 
eminent  men  have  attacked  in  vain.  The  beginning  of  life  upon 
the  earth  remains  for  all  an  impenetrable  mystery.  We  are  un- 
able to  assign  any  plausible  cause  for  the  transformations  which 
the  composition  of  faunas  and  floras  have  suffered.  The  modifi- 
cations of  which  actually  living  forms  are  susceptible  are  capable 
of  forming  only  varieties  and  races^  no  one  has  been  able  to  pro- 
duce a  new  species.  The  species  remains  an  indelible  entity,  like 
that  of  the  simple  elements  of  chemistry. 

Perhaps  the  darkness  which  envelopes  the  origin  of  the  organic 
world  will  some  day  clear  up.  Science  has  shown  too  great 
power  to  make  it  prudent  to  assign  limits  to  it.  We  will  not 
repeat,  in  conclusion  the  igiiorabimus  of  Dubois-Ray mond,  we 
will  say  only  ignoramus.  w. 

8.  JBibliotheca  Zoologica  II.  Verzeichniss  der  serif  ten  tiber 
Zoologie  welche  in  den  periodischen  werken  enthalten  und  von 
Jahre  1861-1880  selbstandig  erschienen  sind.  Bearbeitet  von  Dr. 
O.  Taschenburg.  Elfte  Lieferuug,  pp.  3249-3568.  (Wilhelm 
Engelmann,  Leipsig,  1893). — The  number  of  this  valuable  work 
just  issued  contains  the  continuation  of  the  Bibliography  of 
Fishes  and  commences  that  of  Amphibia  and  Reptiles. 

9.  The  Mechanics  of  Hoisting  Machinery  ;  by  Wiesbach  and 
Hbbbmann.  Translated  by  Karl  Dahlstrom,  M.E.  pp.  329,  with 
V\^  diagrams  (Macmillan  and  Co.). — A  part  of  Wiesbach's  great 
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series  on  Engineering  Mechanics,  other  parts  of  which  have  been 
translated  by  Coxe,  DuBois  and  Klein.  b. 

10.  An  Elementary  Treatise  on  Fourier'^s  Series  and  Spherical, 
Cylindrical  and  Ellipsoidal  Harmonies ;  by  W.  E.  Byerly.  pp. 
287  (Ginn  &  Co.).  Based  upon  Rumaun's  "  Partialle  Differential- 
glischungen "  and  designed  to  furnish  with  Pierce's  treatise  on 
"  The  Newtonian  Potential  Function  "  a  course  of  study  for  stu- 
dents at  Harvard  University  preparatory  to  modern  Mathematical 
Physics.  B. 

Geological  Survey  of  Texas.  Annual  Report  for  1892,  B.  T.  Durable.  State 
Geologist.  The  following  parts  have  appeared  since  the  notice  in  this  Journal, 
vol.  xlvi,  p.  307  was  written : 

Notes  on  the  Geology  of  Northwestern  Texas,  by  W.  F.  Cummins,  pp.  177-238. 

Report  on  the  Cretaceous  Area  north  of  the  Colorado  river,  by  J.  A.  Taff,  S.  Lev- 
erett,  Assistant,  pp.  2^9-354,  with  maps  and  sectional  diagrams. 

Report  on  the  Colorado  Coalfield  of  Texas,  by  N.  P.  Drake  and  R.  A.  Thompson, 
pp.  355-481,  with  maps  and  diagrams. 

Arkansas  Geological  Sui-vey,  Annual  Report  for  1890.  John  C.  Branner,  State 
Geologist,  vol.  iv. 

Marbles  and  other  Limestones,  by  T.  C.  Hopkins.  443  pages  and  6  maps  sep- 
arately bound. 

Annals  of  British  Geology,  1892.  A  digest  of  the  books  and  papers  published 
during  the  year — with  occasional  notes,  by  J.  F.  Blake,  pp.  310,  100  illustra- 
tions.   (Dulan  &  Co,  London,  1893.) 

Memoirs  of  the  American  Museum  of  Natural  History,  vol.  i,  Part  I.  Republica- 
tion of  descriptions  of  Lower  Carboniferous  Crinoidea  from  the  Hall  Collection 
now  in  the  American  Museum  of  Natural  History,  with  illustrations  of  the  ongi* 
nal  type  specimens  not  heretofore  figured.  By  R.  P.  Whitfield,  4to,  pp.  1-37, 
Plates  I-III.     1893. 

Economical  Geology  of  the  United  States,  by  Ralph  S.  Tarr.  pp.  509.  1894. 
(Macmillan  &  Co.) 

Helical  Gears;  A  practical  treatise  by  a  foreman  pattern  maker,  pp.  127, 
1894.     (Macmillan  &  Co.) 

Die  Vorwelt  und  ihre  Entwickelungsgeschichte,  by  Ernst  Koken.  pp.  664,  1893. 
(T.  0.  Weigel  Nachfolger  (Chr.  Herm.  Tauchnitz).) 

Obituary. 

Rudolf  Wolf,  the  distinguished  Astronomer  and  for  some- 
time Director  of  the  Zurich  Observatory,  died  in  Zurich,  Nov.  6, 
1893. 

PxVUL  Fischer,  author  of  Manuel  de  Conchyliologie  et  de 
Pal6ontologie  Conchyliologique  and  of  numerous  papers  on  con- 
chological  subjects,  died  in  Paris,  Dec.  29,  1893. 

D.  A.  Brauxns,  Extraordinary  Professor  of  Geology  in  Halle 
University  died  in  1893. 

AuTiiuu  MiLNKS  Marshall,  the  brilliant  Professor  of  Zoology 
of  Owens  College,  Manchester,  died  from  the  effects  of  an  acci- 
dent on  Scawfell,  Dec.  31,  1893,  in  the  forty-second  year  of  his 
age. 

PiKRRK  T.  Van  1>kneden,  Professor  of  Zoology,  Paleontology 
and  Anatomy,  Lourain,  has  recently  died  at  the  age  of  ninety- 
three. 

J  KAN  Vilanova  y  Piera,  the  distinguished  geologist  of 
Madrid  is  dead. 
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Art.  XYII.  —  Continuity  of  the  Glacial  Period;  by 

G.  Frederick  Wright. 

Since  the  appearance  in  this  Journal,  for  November,  1892, 
of  my  paper  upon  ^*  The  Unity  of  the  Glacial  Epoch,"  many 
important  facts  bearing  upon  the  subject  have  come  to  light, 
especially  in  respect  to  the  extent  of  preglacial  erosion  in  the 
Ohio  Valley.  In  my  report  upon  "  The  Glacial  Boundary  in 
Western  Pennsylvania,  Ohio,  Kentucky,  Indiana  and  Illinois," 
published  by  the  United  States  Geological  Survey  in  1891,* 
it  was  maintained  that  the  erosion  of  the  rocky  gorge  of  the 
Ohio  Kiver  and  its  tributaries  was  2?r^glacial.  In  opposition 
to  this  view.  Professor  Chamberlin,  m  the  Introduction  accom- 
panying my  report,  maintained  that  the  most  important  part 
of  this  roct  erosion  was  i^i^glacial. 

To  make  this  point  clear  it  should  be  stated  that  the  upper 
portion  of  the  Ohio  River  and  its  northern  tributaries  is  char- 
acterized by  a  series  of  gravel  deposits  containing  Canadian 
pebbles,  resting  upon  rock  shelves  from  200  to  300  feet  above 
the  present  river,  and  from  250  to  350  feet  or  more  above  the 
rock  bottom  of  the  river ;  while  there  is  a  lower  series  of 
gravel  terraces,  rising  in  places  to  130  feet  above  the  river, 
which  is  traceable  up  the  streams  to  the  moraine  first  described 
by  Professor  Lewis  and  myself  in  1881.t     The  relation   of 

♦Bulletin  No.  58. 

t  The  accompaDjing  map  (Fig.  1)  to  which  frequent  references  will  need  to  be 
made,  shows  the  500-foot  and  the  lOOU-foot  contours  of  the  Ohio  Valley ;  also 
the  boundary  of  dire^  glacial  action.  The  figures  give  the  elevation  above  the 
sea.  Those  along  the  river  refer  to  the  low-water  mark.  In  the.  lower  right 
hand  corner  is  a  typical  section  of  the  Allegheny  showing  the  rock  channel  and 
the  high-level  terraces. 
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this  portion  of  the  rock  gorge  to  Glacial  movements  is  one  of 
the  principal  points  in  controversy.  My  contention  has  been 
that  this  part  of  the  rock  gorge  was  preglacial ;  while  in  the 
Introduction  referred  to,  fto^ssor  Chamberlin  states  (p.  35) 
his  position  as  follows  : 

"  The  higher  Glacial  gravels  antedated  those  of  the  moraine- 
forming  epoch  by  the  measure  of  the  erosion  of  the  channel 
through  the  old  drift  and  the  rock,  whose  mean  depth  here  is 
about  800  feet,  of  which  perhaps,  250  feet  may  be  said  to  be 
rock.  The  excavation  that  intervened  between  the  two  epochs 
in  other  portions  of  the  Alleghany,  Monongahela,  and  Upper 
Ohio  Valleys  is  closely  comparable  with  this." 

In  this  Journal,  for  March,  1893,  in  a  paper  replying  to 
mine  of  the  previous  November,  Professor  Cnamberlin  reit- 
erates in  the  strongest  manner  his  adherence  to  his  previously 
expressed  views  concerning  the  interglacial  date  of  this  roct 
erosion  in  the  Ohio  Valley.    Thus  he  writes  : 

'*  These  terraces  I  have  maintained*  were  produced  at  a 
time  of  base  level  degradation,  which  in  its  later  stages  was 
contemporaneous  with  the  earlier  ice  incursion  whose  water 
bore  gravels  dovm  the  Allegheny,  Upper  Ohio  and  some  adja- 
cent streams,  and  formed  the  40  or  50  feet  of  capping  which 
lies  upon  the  rock  benches  that  constitute  the  body  of  the 
terraces.  I  have  argued  that  sabsequent  to  this  the  land  was 
elevated  and  the  lower  newer  steep-sided  gorges  of  the  Alle- 
gheny and  neighboring  streams  were  cut  to  a  depth  that  may 
be  roundly  stated  as  250  feet,  and  that  subsequent  to  this  the 
later  ice  incursion  formed  the  outer  moraine  of  the  region. 
From  the  outer  side  of  this  moraine  Glacial  streams  bore  their 
sands  and  gravels  down  the  Allegheny  gorge  cut  during  the 
interglacial  interval.      The  evidence  of  this,   gathered   in  a 

J'oint  study  by  Mr.  Gilbert  and  myself,  may  be  found  in 
Julletin  58,  U.  S.  Geol.  Surv.,  pp.  32-36.  I  therefore  argue 
that  between  the  time  when  the  &lacial  gravels  were  deposited 
on  the  high  terraces  and  the  incursion  of  the  later  iee  there 
was  a  cutting  of  the  gorge  to  the  depth  of  250  feet  roundly 
speaking.  I  regard  this  gorge-cutting  as  a  minimum  measure 
of  the  interval  between  the  two  ice  incursions." 

During  the  past  year  I  have  devoted  as  much  time  as  I 
could  spare  from  other  duties  and  other  fields  of  investigation 
to  the  collection  of  additional  facts  bearing  upon  the  Bolution 
of  this  important  problem.  In  December,  1892,  under  guid- 
ance of  Mr.  Richard  E.  Hice,  of  Beaver,  Pa.,  I  examined  the 
valley  of  the  Big  Beaver  between  the  Ohio  and  the  Olacial 
boundary,  with  the  result  of  finding,  just  below  the  line  of 

*  Bulletin  68,  U.  S.  Geol.  Surv.,  pp.  20-38. 
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direct  glaciation,  a  buried  chanoel  which  appeared  to  be  pre- 
glacial.  Of  this  1  wrote  a  brief  account  in  tne  March  number 
of  the  American  Geologist  for  1893  (pp.  198-199).  The 
accompanying  map  (Fig.  2)  will  explain  the  situation.* 

The  buried  channel  occurs  at  Homewood,  on  the  Big 
Beaver,  about  nine  miles  from  its  mouth,  and  where  Clark's 
Run  joins  it  from  the  west.  The  Big  Beaver  is  here  walled 
in  by  thick  and  extensive  deposits  of  compact  Homewood 
sandstone  which  is  extensively  quarried  in  the  vicinity.  The 
river  occupies  a  gorge  in  the  sandstone  whose  perpendicular 
descent  from  the  rock  shelf  to  the  surface  of  the  water  ponded 
back  by  the  dam  at  Beaver  Falls  is,  as  measured  by  lock  level, 
145  feet ;  but  the  rock  bottom,  as  determined  in  building  the 
railroad  bridge  at  Ellwood  Junction,  two  miles  above,  is, 
according  to  data  gathered  by  Mr.  flice,  sixty  feet  below  the 
bottom  of  the  Beaver.  Just  how  deep  the  water  in  the  pond 
is  I  am  unable  to  say,  but  probably  not  more  than  ten  or 
twelve  feet.  This  will  make  the  present  depth  of  the  gorge 
225  feet.  Above  Clark's  Run  this  shelf  bears  a  vast  amount 
of  sand,  gravel,  and  bowlders  derived  from  the  wash  of  the 
glaciated  region,  whose  boundary  approaches  to  within  two  or 
three  miles  of  the  locality.  Many  sandstone  bowlders  several 
feet  in  diameter  occur  in  this  deposit.  Clark's  Run,  which 
entei's  the  Beaver  at  right  angles,  has  cut  a  gorge  with  a  Y- 
shaped  mouth  through  the  Homewood  sandstone  nearly  to  the 
level  of  Beaver  Creek.  The  north  side  of  this  wioe,  deep 
side  channel  of  Clark's  Run  is  filled  in  with  a  water  deposit, 
consisting  of  stratified  sand  and  gravel,  capped  by  three  or 
four  feet  of  coarser  deposits  contaming  large  bowlders.  This 
has  been  resorted  to  for  sand  and  gravel  until  great  masses 
have  caved  down,  and  obstructed  the  road  which  passes  along 
its  foot  up  the  run.  We  were  unable  to  determine  just  the 
depth  to  which  this  deposit  extends  ;  but  it  is  certainly  from 
sixty  to  eighty  feet  deep,  and  the  angle  between  the  gravel 
pits  and  the  Big  Beaver  is  entirely  occupied  by  it.  So  com- 
pletely was  this  filled  in  at  that  point,  that  it  is  also  difficult  to 
tell  just  how  wide  the  mouth  of  the  V-shaped  opening  was. 
On  the  south  Side  of  the  gorge  of  Clark's  Run  the  jagged 
rocks  are  exposed  from  top  to  bottom,  although  near  the 
mouth  there  are  some  remnants  of  gravel  at  the  top,  showing 
that  it  had  originally  filled  the  whole  space.  The  snelf  south 
of  Clark's  Run  presents  a  great  contrast  to  that  north  of  the 

*  A  portion  of  the  valley  of  Big  Beaver  Creek  above  its  juBCtion  with  the 
Ohio.  The  broken  lines  approximately  mark  the  limit  of  the  later  Glacial  terrace. 
The  space  between  the  broken  line  and  the  continuous  line  outside  of  it  approxi- 
mately represents  the  rock  shelf  bearing  the  older  Glacial  gravel.  The  figures 
indicate  elevations  above  tide. 
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ruD,  being  wholly  devoid  of  drift  material.  Possibly  this  is 
due  to  its  slightly  higher  elevation. 

I  see  no  probable  explanation  of  this  deposit  in  Clark's  Run 
except  that  which  implies  the  preglacial  erosion  of  the  Big 
Beaver  down  to  nearly  its  present  depth ;  thus  permitting  at 
the  same  time  the  erosion  of  the  tributary  valley  of  Clark's 
Eun.  Upon  the  advent  of  Glacial  conditions  the  wash  from 
the  glaciated  region  brought  down  the  material  which  is 
spread  over  the  rock  shelf  as  far  as  Clark's  Run,  and  partiaUy 
fuled  it.  Subsequently  the  stream  has  had  time  only  to  re-erode 
a  part  of  the  loose  material,  leaving  a  portion  of  it  still  on  the 
north  side  of  the  run.  That  this  rock  erosion  was  very  ancient 
is  shown  by  the  size  of  the  gorge  in  comparison  with  the 
stream,  and  by  the  V-shaped  character  of  its  month. 

Subsequently  to  my  visit,  Mr.  Leverett  looked  over  the 
ground,  and  came  to  the  conclusion  that  the  ice  of  "  the  later 
incursion  "  had  come  down  into  closer  proximity  to  this  buried 
gorge  than  had  been  supposed,  and  hence  that  the  gorge  may, 
after  all,  have  been  interglacial.*  Still,  Professor  Chamberlin 
is  compelled  to  admit  that  "a  portion  of  the  excavation  of  the 
rock  below  the  old  base-plane  may  have  preceded  the  incursion 
of  the  Glacial  wash  and  even  the  Glacial  period ;"  and  that 
"  If  this  should  prove  true  the  effect  will  be  to  extend  [?]  the 
importance  of  the  earlier  Glacial  epoch  and  to  reduce  the 
time  necessarily  attributed  to  the  interglacial  interval  of  exca- 
vation." 

Before  the  publication,  but  subsequent  to  the  writing,  of  this 
note  by  Professor  Chamberlin,  however,  Mr.  Leverett  and  I 
had  together  gone  over  a  portion  of  the  ground  in  the  Alle- 
gheny River  V  alley  most  likely  to  yield  definite  results,  includ- 
ing one  of  the  most  important  points  to  which  Professor 
Chamberlin  had  appealed  in  support  of  his  theory,  and  brought 
to  light  facts  which  seem  unequivocal  in  their  interpretation. 
Upon  the  accompanying  map  is  shown  a  portion  of  the  Alle- 
gheny near  Warren,  Pa.,  where  the  Conewango  joins  the  river 
to  the  north,  and  a  short  run  comes  in  from  the  south  which 
heads  in  a  low  pass  separating  it  from  a  branch  of  the  Tionesta 
River,  which  reaches  the  Allegheny  fifty  or  sixty  miles  below.f 
The  terminal  moraine  traced  by  Lewis  and  myself  crosses  the 
C  newango  at  Acklev,  about  ten  miles  above  Warren.  The 
elevation  of  the  Creek  at  Ackley  is  1236  feet  above  tide.     The 

*  See  Professor  Chamberlin's  note  upon  the  subject  in  the  Journal  of  Geology, 
vol.  i,  p.  628,  Sept.-Oct ,  1893. 

f  Shows  details  in  the  Valley  of  the  Allej^heny  in  Warren  and  Forest  counties, 
Pa.  The  broken  line  shows  approximately  the  exterior  margin  of  the  rock  shelyes 
marking  the  Tertiary  base-level  of  the  stream.  The  figures  along  streams  give  the 
elevations  above  tide  of  the  railroad  stations  which  are  usually  but  little  above 
the  Hood  plain. 
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moraine  is  about  forty  feet  higher.  The  oTerwash  terrace  plane 
deolinee  southward,  eo  that  at  Warren  it  is  bat  a  little  over 
1200  feet  above  tide.  The  trough  averages,  I  shonld  say,  aboat 
half  a  mile  in  width,  and  is  bordered  by  hills  to  a  height  of 
aboat  3000  feet  above  tide,  or  from  700  to  800  feet  above  the 
present  valley. 


Between  the  lower  terrace  referred  to  and  the  higher  hills 
there  are  the  remnante  of  a  rock  shelf  which  is  about  200  feet 
above  the  present  level  of  the  Allegheny  Eiver,  and  as  the 
Allegheny  and  Conewango  are  both  partially  filled  with  gravel, 
this  shelf  is  abont  250  feet  above  toe  rock  bottom  of  these 
streams,  and  is  covered  to  a  depth  of  from  twenty  to  fifty  feet 
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with  river  gravel  -containing  granitic  and  other  ArchsBan  peb- 
blcB  from  Canada,  demonstrating  it  to  be  of  G-lacial  age. 

It  had  been  supposed  that  these  high  level  gravela  were 
mere  remnants  upon  the  rock  shelf,  which  had  endured  while 
the  stream  had  eroded  its  rock  trench  to  its  present  level 
But  evidence  is  now  brought  to  light  which  completely  ex- 
cludes this  hypothesis. 

The  new  evidence  discovered  is  twofold  :  First,  about  three- 
quarters  of  a  mile  northeast  of  Warren  there  is  a  solid  bank  of 
stratified  gravel  extending  from  the  lower  terrace  of  the  Cone- 
wango  up  to  an  elevation  of  nearly  250  feet  above  the  Alle- 
gheny river,  or  about  1400  feet  A,  T.  and  spreading  ont  over 
a  ro(^  shelf  to  the  north.  This  terrace  having  been  resoriied 
to  for  gravel  at  different  levels  its  constitation  is  plainly  shown 


almost  from  top  to  bottom.  The  gravel  pit  at  the  npper  part 
contains  great  numbers  of  Arehtean  pebbles  several  inches  in 
diameter,  while  that  in  the  lower  pit  which  extends  back  be- 
neath the  coarser  material  is  mostly  assorted  sand  and  fine 
grave!  of  similar  composition  beautifully  stratified.  Only  one 
explanation  of  this  is  possible,  namely,  that  the  rock  erosion 
in  this  valley  had  been  nearly,  if  not  quite,  completed  before 
the  deposition  of  the  high  level  gravels.  Upon  this  special 
point  of  the  extent  of  preglaeial  erosion  at  Warren  Mr,  Lev- 
erett  and  I  are  agreed,  except  possibly  as  to  the  erosion  of  the 
lower  50  feet  in  the  rocky  gorge  immediately  beneath  the 
stream.  The  positive  evidence  of  the  gravel  bank  described 
covers  only  the  erosion  down  to  the  bottom  of  the  first  terrace ; 
but  the  remaining  erosion  in  the  rock  is  relatively  too  small 
seriously  to  affect  the  discussion. 

The  second  line  of  evidence  is  found  on  the  head  waters  of 
the  Tionesta  at  and  below  Clarendon  (see  Fig.  3).  Mr. 
Leverett  had  on  a  previous  day  visited  the  place  and  found 
evidence  that  this  valley  contains  a  glacial  overwash  at  Claren- 
don, Some  years  before  Mr.  f .  F.  Carl),  of  the  Pennsylvania 
Geological  Survey,  had  noted,  and  I  had  also  had  my  attention 
called l)y  Mr.  H,  H.  Cummings,  of  Tidioute,  to  the  width  of 
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the  valley  at  and  Boath  of  Clarendon,  and  to  the  singular 
course  of  the  Tionesta  river  in  flowing  away  from  the  broad 
valley  at  Bamesville  through  a  very  narrow  one  at  right  angles 
to  it.  But  in  a  hasty  trip  to  the  region  no  definite  results  had 
been  attained.  Upon  returning,  however,  with  Mr.  Leverett 
it  was  found  that  the  whole  appearance  indicates  that  the  south 
branch  of  the  Tionesta  formerly  flowed  along  a  valley  occupied 
by  the  north  branch,  past  Clarendon,  through  a  buried  channel 
to  the  A^llegheny.  Positive  evidence  of  this  fact  also  was  fur- 
nished by  Mr.  D.  E.  Waugeman,  a  dealer  in  materials  for  well 
drilling,  who  was  cognizant  of  the  history  of  nearly  all  the 
wells  sunk  for  oil  in  that  vicinity.  According  to  his  testimony 
(and  he  furnished  the  materials  for  many  of  them)  several  of 
the  wells  sunk  near  the  station  at  Clarendon  were  driven 
through  gravel  and  sand  from  16()-171  feet  before  striking 
rock.  This  would  carry  the  depth  of  the  buried  channel  nearly 
to  the  level  of  the  present  bottom  of  the  Allegheny,  five  miles 
to  the  north.  A  well  was  subsequently  reported  to  Mr.  Lev- 
erett, which  is  situate'd  on  a  terrace  two  miles  south  of  Claren- 
don, to  have  penetrated  263  feet  of  drift,  giving  the  rock  floor 
there  an  altitude  of  but  1167  feet  A.  T.  or  but  73  feet  above 
the  lowest  known  point  in  the  rock  floor  at  Warren  and  only 
20  feet  above  the  undisputed  limit  of  preglacial  erosion  there. 
It  was  noted  further  that  in  the  vicinity  of  the  place  of  rever- 
sal below  Barnesville  the  small  side  valleys  are  excavated 
broadly  to  such  a  depth  as  to  show  (as  Mr.  Leverett  and  myself 
agreed)  that  erosion  there,  like  that  at  Warren,  had  been  car- 
ried nearly  to  its  present  depth  in  preglacial  times,  and  that 
the  col  may  not  have  been  materially  lowered  by  the  reversal 
because  of  the  excessive  amount  of  tilling  north  of  it  (see 
Fig.  3).  We  were  much  impressed  by  the  great  amount  of 
drift  on  the  Clarendon  watershed,  as  well  as  by  the  fact  that 
Archaean  pebbles  are  numerous.  The  level  of  the  watershed, 
near  Clarendon  station,  is  235  feet  above  the  river  at  Warren, 
the  river  level  being  about  1160  feet  A.  T.  The  gravel  ter- 
race rises,  as  determined  by  Mr.  Leverett's  observations,  105 
feet  higher,  or  340  feet  above  the  Allegheny,  which  makes  it 
about  100  feet  higher  than  the  terrace  just  described  on  the 
Conewango  east  of  Warren,  and  fully  200  feet  above  the  rock 
floor  of  the  Tionesta,  at  the  place  of  reversal  near  Barnesville 
twelve  miles  to  the  south,  and  more  than  300  feet  above  the 
rock  floor  in  the  boring  two  miles  south  of  Clarendon.  This 
terrace  in  the  valley  of  the  Tionesta  is  also  exceedingly  well 
developed  two  miles  south  of  Clarendon  just  west  of  Tiona. 
We  did  not  find  any  Canadian  pebbles  south  of  Tiona  but 
there  was  much  gravel  in  the  valley,  especially  where  the  two 
branches  of  the  Tionesta  at  Barnesville  join  to  enter  the  gorge 
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down  which  the  water  flows  for  the  rest  of  its  course  to  the 
Allegheny,  and  Mr.  Leverett  snbseqaently  found  that  the 
Tionesta  contains  Canadian  rocks  in  its  gravels  at  Newtown 
Mills,  only  a  few  miles  above  the  mouth  of  the  stream. 

This  evidence  is  of  itself  conclusive  upon  the  main  point  in 
question.  The  accumulation  of  the  oldest  Glacial  material 
took  place  subsequent  to  the  erosion  of  the  rock  valleys  of  the 
region.  Whether  these  Glacial  deposits  in  the  upper  part  of 
Tionesta  valley  imply  that  the  Glacial  ice  actually  crossed  the 
Allegheny  at  this  point,  or  whether  the  deposits  can  all  be 
accounted  for  as  overwash  gravel  from  the  ice  border  north  of 
the  Allegheny  is  immaterial  to  our  main  discussion,  though  it 
would  seem  pretty  certain  that  the  gorge  of  the  Tionesta  from 
Bamesville  down  was  of  preglacial  origin.  For,  in  company 
with  Mr.  D.  C.  Baldwin,  I  followed  it  through  its  whole  course, 
and  found  it  everywhere  exhibiting  signs  of  great  age.  The 
tributary  valleys  are  well  developed  and  eroded  to  the  general 
level  of  the  main  stream.  The  stream  is,  however,  character- 
ized by  a  remarkable  absence  of  extensive  gravel  deposits 
which  I  expected  to  iind  upon  the  theory  of  its  having  been  so 
important  a  line  of  Glacial  drainage;  but  this  is  probably  due 
to  the  short  continuance  of  the  time  of  its  occupation  by  Gla- 
cial drainage.  The  only  extensive  gravel  deposit  notic^  was 
a  deserted  channel  at  Kellettsville,  a  little  below  Panther  Rock, 
near  where  Salmon  Creek  enters  the  main  stream.  The  de- 
serted channel  was,  on  the  north  side,  fifty  feet  above  the  pre- 
sent river,  and  separated  from  it  by  a  narrow  ridge  180  feet 
above  the  river.  Both  the  old  channel  and  the  ridge  were 
covered  to  a  depth  of  about  twenty  feet  with  river  gravel,  but 
I  failed  to  discover  any  Archaean  pebbles. 

The  significance  of  the  facts  here  brought  to  light  cannot  be 
evaded  by  the  discussion  of  minor  questions  relating  to  the 
subject.  Mr.  Carll  has  indeed  adduced  many  considerations 
going  to  show  that  the  former  drainage  of  the  upper  Alle- 
gheny Valley  went  northward  through  the  Conewango  to  Lake 
Erie.  The  evidence  of  this  being  that  the  rock  bottom  of 
the  Conewango  at  the  New  York  State  line  is,  according  to 
Carll,  136  feet  lower  than  the  rock  bottom  of  the  Allegheny 
at  Great  Bend,  a  few  miles  east  of  Warren.  It  is  not  necessary 
to  discuss  this  theory  here  further  than  to  say  that  Mr.  Carlrs 
facts  do  not  seem  to  prove  the  northward  flow  of  this  drainage 
so  clearly  as  I  formerly  supposed  they  did;  for  Mr.  Carlrs 
reasoning  has  failed  to  take  into  account  two  considerations 
which  may  essentially  modify  the  inferences  from  the  facts.. 

in  the  first  place,  no  one  has  been  able  fully  to  eliminate  from 
the  problem  the  eflEects  of  orographic  changes  of  level  upon 
"e  present  attitude  of  the  rock  bottoms,  to  which  Professor 
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I.  0.  White  has  specially  called  attention.*  In  the  second 
place,  I  have  been  led  to  reflect  mnch  for  some  years  past  upon 
another  cause  which  may  produce  great  irregularities  in  the 
depth  of  the  rock  bottom  of  river  gorges,  namely,  the  effect 
of  the  plunging  force  of  a  cataract  in  hollowing  out  the  gorp 
at  its  foot  to  a  depth  much  below  the  general  level.  The 
extent  of  this  process  will  depend  partly  upon  the  character  of 
the  underlying  rock,  and  partly  upon  the  conditions  which 
determine  the  extent  of  the  plunge  of  the  water  over  the 
cataract.  It  is  well  known  that  the  plunge  of  the  water  over 
the  I^iagara  escarpment  has  scooped  out  a  channel  to  a  depth 
of  300  feet  or  more  below  the  level  of  the  stream  north  of  the 
falls.  While  studying  the  gorge  of  Snake  River  above  the 
Lower  Shoshone  Falls  in  Idaho  three  years  affo,  I  was  struck 
with  a  similar  phenotneDon.  The  water  is  but  a  few  feet  deep 
over  the  crest  of  the  falls ;  but,  less  than  half  a  mile  above  the 
falls,  the  depth  becomes  100  feet  or  more,  and  so  continues 
for  some  distance.  The  most  natural  explanation  of  this 
would  seem  to  be  that  during  the  recession  of  the  upper  falls 
there  were  conditions  which  favored  deep  erosion  much  more 
at  certain  places  than  at  others.  These  conditions  may  have 
been  those  which  should  determine  that  at  certain  places  the 
fall  was  mainly  over  rapids,  and  at  other  places  in  a  perpen- 
dicular plunge.  The  varying  hardness  of  the  strata  under- 
neath may  also  have  combined  to  produce  the  result.  It  has 
seemed  to  me  that  some  such  combination  of  causes  as  this 
may  account  for  many,  if  not  all,  the  facts  which  are  appealed 
to  in  the  upper  Ohio  Valley  in  proof  of  the  former  nortnward 
flow  of  its  drainage. 

But  the  settlement  of  this  point  is  immaterial  to  the  ques- 
tion in  hand.  The  extent  of  the  preglacial  erosion  now  dem- 
onstrated to  have  taken  place  in  tne  Allegheny  Valley  at 
Warren  is  so  great  that  it  carries  with  it,  by  natural  inference, 
a  similar  extent  of  preglacial  erosion  all  down  the  Ohio  and  in 
its  tributaries.  The  erosion  at  Clark's  Eun,  in  the  valley  of 
the  Beaver,  which  I  have  already  described,  is  in  accord  with 
the  facts  concerning  the  Allegheny  near  Warren.  In  examin- 
ing the  Allegheny  River  from  Warren  down  to  Pittsburgh, 
aluiough  I  did  not  find  any  other  facts  which  are  so  unequivo- 
cal in  their  significance  as  these  are ;  yet  I  did  find  much 
which  confirms  the  view,  and  so  far  as  I  can  see  there  is  noth- 
ing which  can  be  adduced  as  strongly  favoring  the  other  view. 

The  200-foot  rock  shelf  reappears  at  frequent  intervals  all 
the  way  down  the  Allegheny  to  its  junction  with  the  Ohio, 
and  down  the  Ohio  as  far  as  Wheeling  certainly.     It  varies 

♦Tbis  Journal,  for  1884,  p.  149. 
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considerably  in  width,  depending  upon  the  ability  of  the  rocks 
to  resist  or  facilitate  erosion ;  while  sometimes  the  shelf  is 
wholly  wanting  for  a  considerable  distance  where  the  river 
passes  through  areas  of  more  uniform  and  compact  strata. 
But  almost  everywhere  down  to  the  junction  of  the  Big 
Beaver  with  the  Ohio  this  200-foot  rock  shelf  is  covered  with 
glacial  gravel  to  a  depth  of  from  twenty  to  sixty  feet  and 
sometimes  for  a  width  of  a  half  mile.  The  extent  of  the  de- 
posits of  this  high-level  terrace  has  not  heretofore  been  duly 
understood  or  appreciated.  The  portions  heretofore  described 
at  Belle vue  on  the  Ohio,  just  below  Pittsburgh,  and  that  at 
Parker's  Landing,  on  the  Allegheny,  can  be  duplicated  at  brief 
intervals  throughout  the  entire  length  of  the  valley  from  the 
mouth  of  the  Conewango  to  the  mouth  of  the  Big  Beaver. 
The  deposits  are  found  almost  continuously  upon  the  east  side 
of  the  Ohio  River,  from  the  mouth  of  the  Big  Beaver  to 
Pittsburgh,  while  in  Allegheny  City  remnants  of  the  gravel 
remain  upon  the  summit  of  Monument  Hill,  which  rises  in  the 
center  of  the  city  to  the  level  of  the  rock  terrace,  but  is  sepa- 
rated from  it  by  a  quarter  of  a  mile  or  more  of  a  partially 
buried  old  channel  of  the  river.  Under  guidance  of  Professor 
Jillson,  who  will  soon  publish  a  detailed  paper  upon  the  sub- 
ject, 1  traced  this  high  gravel  terrace  for  some  twenty  miles 
up  the  Allegheny  Kiver.  It  is  developed  in  specially  good 
degree  on  both  sides  of  the  river  above  Allegheny  City  and 
Pittsburgh,  and  farther  up  near  Verona,  upon  the  south  side 
of  the  river,  and  on  the  north  side  opposite  Parnassus,  and 
again  from  Tarentum  for  several  miles  upon  the  same  side 
nearly  to  Freeport.  In  all  these  places  the  accumulation  of 
gravel  upon  the  rock  shelf  is  from  twenty  to  sixty  feet  in 
depth,  and  frequently  is  as  much  as  a  half  a  mile  wide.  The 
material  is  much  of  it  fine  and  often  well  stratified,  but  con- 
tains numerous  water-worn  Canadian  pebbles  and  occasionally, 
enclosed  in  the  fine  material,  angular  fragments  of  granite, 
gneiss,  or  sandstone  two  or  three  feet  in  diameter,  indicating 
ice-laden  currents.  At  East  Liberty,  in  the  upper  part  of 
Pittsburgh,  the  deposit  from  the  Allegheny  River  crowds  over 
upon  a  limited  amount  of  river  pebbles  which  had  been  dis- 
tributed along  the  deseiied  bed  of  the  Monongahela  which  is 
now  followed  by  the  Pennsylvania  Railroad  in  getting  out  of 
the  city,  and  which  is  about  the  same  height  as  the  rock  shelf 
referred  to.  Farther  up  the  Allegheny  River,  in  company 
with  Mr.  D.  C.  Baldwin,  I  have  examined  similar  deposits 
along  this  rock  shelf  at  Ford  City,  Kitanning,  Red  Bank,  East 
Brady,  Parkei^'s  Landing,  Kenerdell  (formerly  Scrub  Grass), 
and  many  other  places.  Of  these  I  will  now  speak  further 
only  concerning  Kenerdell  and  Parker's  Landing. 
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Opposite  Parker  City  there  occurs  the  deserted  river  bed  so 
fully  described  by  Mr.  Chance,*  and  whose  descriptions  are 
reproduced  by  Professor  Chamberlinf  to  controvert  my  views 
concerning  the  preglacial  origin  of  the  rocky  gorge  of  the 
river  at  this  point.  But  Mr.  Baldwin  and  I  discovered  some 
things  not  heretofore  noticed  which  in  themselves  strongly  con- 
firm my  previous  views  concerning  the  preglacial  date  of  the 
rocky  erosion.  The  details  can  be  clearly  and  briefly  stated  in 
connection  with  the  accompanying  map  (slightly  modified 
from  that  of  Mr.  Chance.:}:  The  elevation  of  the  Allegheny 
River  at  low  water  is  here  840  feet,  and  the  width  of  the  rocky 
gorge  is  1500  feet.  The  rock  bottom  is  fifty  feet  lower.  The 
summit  of  the  gravel  upon  the  rock  shelf  which  we  have  been 
considering  is  250  feet  above  low  water,  or  1090  feet  above 
tide.  Upon  the  east  side  of  the  river  there  is  a  deserted  rock 
channel  in  the  shape  of  an  ox-bow  extending  out  about  a  mile 
and  a  half  from  the  main  stream,  but  at  an  elevation  of  about 
200  feet  above  it.  This  is  partially  filled,  to  a  depth  of  thirty 
or  forty  feet,  with  river  gravel  of  Glacial  origin.  Mr.  Chance 
and  Prof.  Chamberlin  supposed  that  this  deposition  took  place 
previous  to  the  lowering  of  the  rock  gorge  from  the  level  of  the 
ox-bow  to  the  present  rock  bottom  of  the  river,  a  perpendicu- 
lar distance  of  250  feet.  But  the  additional  facts  which  I  now 
have  to  present  will,  even  in  themselves  I  think,  disprove  this 
hvpothesis,  and  show  that  the  existing  rock  erosion  oi  the  main 
channel  had  taken  place,  to  a  large  extent  at  least,  before  the 
deposition  of  Glacial  gravel  in  the  ox-bow.  ^ 

That  the  ox-bow  was  at  an  early  period  eroded  by  the  river 
appoximately  to  its  level  at  the  point  farthest  away  from  the 
present  stream  cannot  well  be  doubted ;  but  there  is  evidence 
also  that  after  its  desertion  by  the  main  stream  the  small 
streams  occupying  the  two  prongs  of  the  bow  had  accomplished 
a  good  deal  of  erosion  before  the  deposition  of  the  gravel ;  for 
there  is  a  considerable  slope  of  the  rock  bottoms  of  these  small 
tributaries  in  their  progress  towards  the  river,  and  it  is  evident 
that  their  beds  had  finally  assumed  the  shape  which  results 
from  the  erosion  of  such  small  streams  rather  than  from  the 
passage  of  a  great  river.  This  would  go  to  prove  that  the 
undercutting  of  the  neck  had  been  fully  accomplished  long 
before  the  partial  filling  of  the  ox-bow  with  gravel.  Further- 
more, the  upper  prong  of  the  bow  is  filled  in  with  gravel 
around  to  its  farthest  extremity  at  A  ;  while  the  lower  prong 
of  the  bow  is  filled  in  with  gravel  only  a  short  distance,  namely, 

♦SecoDd  Geol.  Surv.  Pa.,  VV,  1880,  pp.  17-20. 
+  Introd.  Bull.  U.  S.  Geol.  Surv.  No.  58,  p.  30. 

jiMap  of  old  chaDDel  at  Parker  partially  filled  with  high-level  Glacial  gravel. 
See  section  on  lower  right  hand  comer  of  Fig.  1 . 
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to  B.  Between  A  aud  B  the  lower  prong  is  entirely  free  from 
foreign  gravel  for  a  distance  of  half  a  mile  or  more ;  bat  the 
vallej  of  the  prong  throngh  this  distance  is  broad  at  the  top 
and  V-shaped,  and  is  distinctly  constricted  near  B  by  the 
gravel  deposits.  This  portion  of  the  valley  coald  not  have 
been  hollowed  oat  of  a  gravel  deposit  snch  as  exists  npon  the 
Dortbem  prong,  and  nothing  of  the  sort  exists  on  the  norUi 
side. 
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Clearly  the  explaDatiou  is  that  before  the  deposition  of  the 
gravel  in  the  ox-bow  the  rock  erosion  had  proceeded  till  it  had 

5roduced  essentially  the  present  topographical  conditions. 
'be  gorge  of  the  Allegheny  was  tlien  refilled  with  Glacial 
ffraveitill  it  reached  the  summit  of  the  1100-foot  terrace  upon 
ine  western  side,  and  partially  filled  in  the  ox-bow  across  the 
ootlet  of  both  its  prongs.  Naturally  .the  work  proceeded  fast- 
est in  the  upper  prong,  and  the  terrace  was  gradually  bailt  out 
till  it  reached  the  point  A.  Naturally,  also,  there  would  be  no 
such  extensive  pusning  of  material  up  the  lower  prong ;  so  that 
we  find  across  it  simply  a  gravel  terrace  corresponding  to  other 
terraces  upon  that  side  of  the  river.  The  continaance  of  the 
Gacial  floods  at  that  level  was  not  sufficiently  long  to  permit 
the  deposition  which  had  taken  place  in  the  upper  prong  to 
extend  around  the  whole  circuit  of  the  loop.  Evidently  the 
depositing  Glacial  flood  after  attaining  its  maximum  height 
retreated  with  comparative  rapidity, — a  rapidity  which  is  not 
at  all  consonant  with  the  theory  that  it  was  compelled  to  lower 
its  bed  through  a  rock  bottom ;  nor  does  the  general  appear- 
ance of  the  high-level  gravel  deposit,  either  here  or  elsewhere, 
indicate  such  an  enormous  age  as  Professor  Chamberlin's 
theory  would  imply.  There  is  everywhere  against  this  theory 
the  relatively  small  amount  of  erosion  which  had  taken  place 
in  the  gravel  since  the  deposition. 

The  second  case  upon  which  I  will  stop  briefly  to  comment 
is  at  Kennerdell,  which  is  situated  upon  a  point  of  a  long  ox- 
bow occupied  by  the  present  river.  Here  the  gravel  with 
Glacial  pebbles  constitutes  a  continuous  blanket  up  the  slope 
from  the  river  to  a  height  of  something  over  300  feet.  Up 
both  of  the  roads  branching  off  from  the  station,  and  reaching 
the  summit  on  either  side  of  the  ox-bow,  this  deposit  of  gravel 
is  continuous,  and  contains  Archsean  pebbles  nearly  ap  to  the 
height  above  mentioned.  The  theory  that  this  blanket  of 
gravel  (how  thick  it  is  I  did  not  have  time  to  ascertain,  for 
the  rock  nowhere  appeared  along  the  roads)  is  simply  a  rem- 
nant that  has  survived  the  long  period  during  which  the  whole 
rock  gorge  was  eroded,  and  whicn  has  gradually  slid  down  from 
the  summit  or  been  re-deposited  as  the  shelf  was  undercut,  I 
think  few  people  who  examine  it  will  entertain.  On  the  other 
hand,  it  is  not  difficult  to  understand  how  it  might  be  left  in 
the  process  of  a  re-erosion  of  the  trough  after  it  had  been 
filled  with  loose  material. 

The  conclusion  to  which  all  these  facts  point  with  convinc- 
ing force  is  that,  after  along  period  of  base-levelling  in  the  Ter- 
tiary era,  during  which  the  200-foot  rock  shelves  formed  a  por- 
tion of  the  bottom  of  the  stream,  there  came  on  a  continental 
elevation  which  permitted  the  streams  rapidly  to  cut  narrow. 
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gorge-like  channels  down  through  the  rock  to  a  depth  of  250 
or  300  feet  below  their  former  level  Simultaneously  with  the 
culmination  of  this  uplift,  and  with  the  conclusion  of  this  long 
work  of  erosion,  Canadian  ice  reached  the  headwaters  of  the 
Allegheny,  and  a  work  of  deposition  began  which  proceeded 
as  long  as  the  ice  continued  to  advance,  and  probably  for  some 
time  after  it  began  to  retreat.  The  upper  part  of  the  Alle- 
gheny River  became  filled  with  debris  up  to  the  summit  of  the 
high-level  bowldery  terrace  extending  over  the  rock  shelves, 
and  the  sedimentation  gradually  advanced  along  the  narrow 
trough  until  it  was  entirely  filled  as  far  down  as  the  month  of 
the  Beaver,  and  perhaps  to  Wheeling,  and  possibly  still  farther. 
Subsequently  the  larger  part  of  this  material  was  eroded,  and 
carried  down  into  the  Mississippi  Valley.  If  there  were  two 
distinct  Glacial  epochs,  the  minimum  measure  of  time  between 
them  is  not  that  of  the  rock  erosion  of  the  gorge,  but  the 
erosion  of  this  loose  material. 

Now  in  studying  this  problem  we  cannot  wholly  ignore  the 
Cincinnati  ice-dam,  even  though  that  hypothesis  may  have 
been  somewhat  overworked  in  former  years.  I  need  not  repeat 
the  positive  evidence  of  this  dam  elsewhere  presented*  any  far- 
ther than  to  say  that  the  arguments  adduced  by  Proieesor 
JameSjt  proving  that  the  preglacial  course  of  the  Ohio  River 
was  around  by  Hamilton,  and  thence  down  the  Great  Miami,^ 
adds  immensely  to  the  significance  of  its  obstruction  during  the 
Glacial  period.  The  existence  of  such  an  obstruction  must 
have  greatly  facilitated  the  silting  up  of  the  gorges  of  the 
upper  Ohio  Valley,  and  have  had  a  great  influence  in  modifying 
the  character  of  the  deposits.  An  immense  amount  of  fine 
material  which  otherwise  must  immediately  have  been  swept 
onwards  to  the  Mississippi  would  settle  in  the  slack  water 
depths  of  this  narrow  winding  lake  and  serve  as  the  basis  to 
support  the  coarser  deposits  that  were  brought  down  over 
them.  Some  positive  evidence  upon  this  point  has  been  fur- 
nished me  by  Mr.  R.  C.  Hice.  In  digging  for  the  abutments 
of  the  bridge  across  the  Big  Beaver  at  Ellwood,§  just  above 
Homewood,  the  workmen  penetrated  sixty  or  more  feet  below 
the  present  bottom  of  the  river,  and  found  it  filled  uniformly 
with  a  very  fine  deposit  such  as  could  settle  only  in  the  stillest 
of  water.  In  the  portions  of  the  Ohio  Valley  nearer  Cincin- 
nati the  ice  dam  removes  the  necessity  of  supposing  so  exten- 

*  See  especially  Bulletin  of  U.  S.  Geol.  Sur.,  No.  58 ;  Ice  Age  of  North  America, 
pp.  326-350. 

f  See  Journal  of  the  Cincinnati  Society  of  Natural  History,  July-October,  1888, 
pp.  96-101 ;  also  Amercan  Geologist,  1893,  pp.  199-202. 

1  See  map  in  Fig.  1. 

§  See  map,  Fig.  2. 
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sive  a  filling  up  of  the  trough  as  we  find  above  the  mouth  of 
the  Big  Beaver. 

The  facts  brought  to  light  concerning  the  extensive  filling  up 
of  the  trough  oi  the  Allegheny  and  upper  Ohio  Kivers  must 
modify  to  some  extent  previous  theories  concerning  the  still 
water  deposits  in  the  Monongahela  Kivor.  That  the  deposits 
described  by  Professor  White  at  Morgantown,  W.  Va.,  took 
place  in  still  water,  which  was  produced  by  some  extraordinary 
obstruction  to  the  drainage  after  the  main  part  of  the  rocky 
erosion  had  taken  place  is  scarcely  capable  of  being  questioned 
by  one  who  has  carefully  examined  them  in  detail.  This  Pro- 
fessor Chamberlin  and  Mr.  Gilbert  were  not  able  to  do,  since 
their  visit  to  the  region  was  hasty,  and  they  did  not  have  the 
privilege  of  the  guidance  of  Professor  White,  who  was  absent 
from  home  at  the  time.  I  have  had  the  privilege  of  going 
over  much  of  the  ground  with  Professor  White,  and  need  only 
to  reiterate  and  emphasize  the  most  significant  of  the  facts 
which  he  has  elsewhere  so  fully  stated.  There  are  at  Morgan- 
town  both  in  the  immediate  vicinity  of  the  Monongahela  and 
at  the  Flats  (a  mile  or  more  back  from  the  river,  along  one 
of  the  small  tributaries  of  the  main  stream)  deposits  of  clay 
seventy  feet  deep  containing  at  all  levels  the  impress  of  the 
leaves  of  existing  species  of  trees  and  fragments  of  wood  in  a 
good  state  of  preservation.  I  can  see  no  way  in  which  such 
depths  of  clay  and  gravel  could  accumulate  in  the  ordinary 
process  of  the  rock  erosion  of  a  stream.  There  must  have  been 
some  check  to  the  processes  of  erosion  during  which  this  ex- 
tensive silting  took  place.  Professor  White  is  inclined  to  be- 
lieve that  orographic  changes  may  have  played  more  of  a  part 
in  producing  slack  drainage  in  the  streams  on  both  sides  of  the 
Allegheny  Mountains  than  he  at  one  time  thought.  The 
slightly  higher  level  (about  100)  feet  of  these  deposits  in  the 
Upper  Monongahela  also  compels  us  to  suppose  some  slight 
orographic  changes  of  level  if  the  Cincinnati  ice  dam  alone  is 
depended  upon  for  the  obstruction. 

In  the  light  of  the  present  discussion  it  will  be  seen  that  a 
supplementary  cause  of  great  significance  may  now  be  taken 
into  consideration.  The  action  of  the  Allegheny  River  when 
swollen  with  its  Glacial  floods  and  burdened  with  its  vast  loads 
of  Glacial  debris  would  dam  up  the  mouth  of  the  Monongahela 
by  the  same  accumulations  which  filled  its  own  channel.  As  we 
have  seen,  these  accumulations  rose  at  Pitcsburg  to  a  height  of 
about  300  feet  above  the  present  water  level,  or  of  1,000  feet 
above  tide  level.  As  the  conditions  were  so  much  more  favor- 
able for  the  sedimentation  of  the  Allegheny  during  the  reign 
of  the  Glacial  period  than  for  filling  up  the  trough  of  the 
Monongahela,  such  an  obstruction  was  inevitable.     Thus  also 
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the  accumulations  in  the  Monongahela  attributable  to  this 
epoch  were  chiefly  of  fine  material  and  near  the  mouths  of 
tributary  streams.  It  is  not  necessary  to  suppose  that  the  Mo- 
nongahela was  filled  throughout  its  entire  length,  as  was  the 
case  with  the  Allegheny.  Professor  Jillson  reports  that  the 
200-foot  rock  shelf  along  the  Monongahela  near  Pittsburgh 
is  almost  wholly  free  from  gravel,  and  has  but  a  foot  or  two  of 
soil  for  a  covering. 

A  similar  damming  up  of  rivers  by  tributaries  has  been 
frequently  noted.  Mr.  G.  M.  Dawson  shows  that  the  deposits 
of  Dead  Man's  Creek  opposite  to  its  mouth  have  filled  up 
Thompson's  River  (the  principal  tributary  of  Eraser's  River  in 
British  Columbia)  a  depth  of  450  feet  making  Kamloop's  Lake, 
a  body  of  water  eighteen  miles  long  and  nearly  two  miles  wide.* 
General  Warren  has  detailed  similar  evidence  respecting  the 
Mississippi.  Lake  Pepin,  for  example,  is  made  by  a  delta  of 
Chippewa  River  which  is  pushed  across  the  Mississippi  just 
above  Waukesha,  Minn.f 

Thus  the  investigations  of  the  past  year  would  seem  to  re- 
move from  the  problem  the  most  considerable  and  definite  factor 
used  by  Professor  Chamberlin  in  estimating  interglacial  time. 
What  he  supposed  was  iw^e/'glacial  was  j?r^glacial,  as  others  had 
all  along  contended.  We  shall  therefore  be  the  more  ready  to 
accept  similar  conclusions  regarding  the  date  of  the  extensive 
rock  erosion  in  the  Delaware  and  Lehigh  river  valleys,  which 
Professor  Chamberlin  would  also  make  interglacial. 

Preglacial  Erosion  hi  the  Delaware  Valley, 

In  the  summer  of  1892  Professor  A.  A.  Wright  and  myself 
devoted  some  time  to  an  attempt  to  determine  the  southern 
limit  of  the  fringe,  or  ''attenuated  border"  of  glacial  deposits 
in  the  Delaware  Valley ;  for,  that  there  was  such  a  fringe  in 
advance  of  the  moraine  was  recognized  many  years  ago  by 
Professor  Cook  and  by  Professor  Lewis  and  myself ;  while 
Professor  Salisbury  had  published  in  1891  what  seemed  to  be 
a  much  exaggerated  view  of  its  extent.  The  results  of  our 
work  were  summarized  in  my  previous  paper  upon  this  subject 
in  this  Journal  (see  pp.  364-367,  Nov.  1892).  In  the  time  then 
at  our  command  we  only  succeeded  in  determining  one  fixed 
point  on  the  southern  border,  namely,  on  the  summit  of  the 
Musconnetcong  Mountain,  about  five  miles  east  of  Riegelsville, 
leaving  the  rest  of  the  line  professedly  undetermined. :|: 

*Geol.  Survey  of  Canada,  Report  of  Progress  for  1877-'78,  p.  It. 
+  This  Journal  for  1878,  p.  420. 

X I  have  presented  this  evidence  more  fully  in  a  paper  before  the  Philadelplw 
Academy  of  Sciences,  published  in  their  Proceedings  for  1892,  pp.  469-484. 
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Daring  the  summer  of  1893  Profesaor  Wright  and  mjBelf 
returDed  to  this  field,  and  the  resnlts  of  our  work  were  pre- 
sented by  him  to  the  Geological  Society  of  America  at  its 
meeting  last  August,  and  are  publiBhed  in  their  proceedings 
(vol,  V,  pp.  7—13).     The  accompanying  map,  prepared  by  Pro- 


Fig.  6. 


feasor  Wright,  eliows  the  limits  of  the  Glacial  fringe  in  New 
Jersey  as  now  determined  by  as  and  its  general  relation  to  the 
moraine.  It  includes  the  deposits  at  High  Bridge  and  Patten- 
burg,  concerning  whose  Glacial  character  I  expressed  doubts 
a  year  ago.  Further  search,  however  revealed  outside  of  these 
two  localities  the  evidence  which  we  had  considered  lacking. 
In  the  eastern  part  of  the  State  the  level  of  the  land  is  so  little 
above  tide  that  it  is  difficult  to  distinguish  between  the  direct  • 
deposits  of  the  glacier  and  those  which  have  been  distributed 
by  water,  But  from  the  central  part  of  the  State  westward  I 
think  there  will  be  no  occasion  materially  to  modify  our  line. 
Meanwhile  Professor  E.  H.  Williams,  Jr.,  has  been  making  a 
careful  survey  of  tiie  southern  boundary  of  the  Glacial  deposits 
in  the  Lehigh  Valley,  and  finds  them  continuing  across  the 
Delaware  River  at  Riegelsville,  (where  it  should  be  said  Mr,  C. 
Laubach,  a  local  observer,  has  for  many  years  been  correctly 
insisting  that  direct  Glacial  deposits  existed),  and  extending 
over  South  MouDtain,  to  the  Sancon  Valley  near  its  head,  and 
thence  westward  several  miles  south  of  Bethlehem,  into  the 
limestone  valley  which  runs  southward  from  the  Lehigh  at 
AUentown,  and  joins  the  Schuylkill  above  Reading.     In  this 
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valley  the  ice  extended  to  Topton,  which  is  the  water  shed  be- 
tween the  two  above-mentioned  rivers ;  thus  bringing  to  light 
an  important  and  hitherto  unsuspected  temporary  line  of  Gla- 
cial drainage  into  the  Schuylkill  River.* 

One  significant  observation  of  Professor  Williams  has  a  spe- 
cially important  bearing  upon  the  date  of  this  enrlier  glaciation. 
Just  south  of  Bethlehem,  at  the  site  of  the  new  reservoir,  on 
the  north  flank  of  South  Mountain,  the  gneiss  is  very  deeply 
decomposed,  showing  an  extremely  long  exposure  to  disinte- 
grating agencies.  But  upon  the  summit  of  the  mountain, 
where  there  are  evidences  of  glaciation,  the  decomposition  of 
the  gneiss  extends  only  to  a  few  inches  below  the  surface. 
Professor  Williams'  interpretation  of  this  would  unquestionably 
seem  to  be  correct,  namely,  that  the  twenty  feet  of  decomposed 
gneiss  upon  the  north  side  represents  preglacial  work,  where 
the  material  had,  in  some  way,  been  protected  from  erosion 
during  the  ice-movement,  while  the  few  inches  of  decomposi- 
tion upon  the  summit  of  the  mountain  represents  the  work 
since  the  deposition  of  the  fringe ;  material  loosened  by  pre- 
glacial decomposition  having  been  removed  by  the  ice  from  the 
summit. 

The  thinness  and  irregularity  of  the  deposits  over  the  area 
which  we  have  denominated  ''  the  fringe  "  in  New  Jersey  and 
Eastern  Pennsylvania  are  supposed  by  Professor  Salisburyf  to 
be  due  to  the  action  of  the  long  period  of  erosion  to  which  it  has 
been  subjected.  This  seems  extremely  questionable.  At  any 
rate,  there  does  not  appear  to  be  any  definite  evidence  that  this 
is  the  true  explanation.  On  the  contrary,  it  is  more  likely  that 
the  original  deposition  near  the  margin  and  for  some  distance 
back  was  slight  and  irregular,  owing  to  the  comparatively  brief 
stay  of  the  ice  near  the  margin  of  maximum  extension  and  to 
the  small  amount  of  motion  which  characterized  the  extreme 
border.:]:  This  view  is  confirmed,  also,  by  the  fact  that  Mr. 
Leverett  in  his  careful  study  of  the  deposits  in  Southern  Ohio 
is  of  the  opinion  that  there  the  attenuation  of  the  border  de- 
posits is  due  "  more  largely  to  original  deposition,  than  to  sub- 
sequent erosion.  "§ 

With  regard  to  the  age  of  the  Philadelphia  brick  clays  and 
red  gravel  in  the  Delaware  Valley,  the  evidence  seems  to  point 
more  and  more  clearly  to  a  closer  continuity  with  the  Trenton 
gravels  in  their  deposition  than  Professor  Chamberlin  supposes. 

*WiUiams,  Proc.  of  the  Geol.  Soc.  Am.,  vol.  v,  pp  13-15.  See  further  con- 
vincing facts  in  the  short  paper  of  Professor  Williams  in  this  Journal  for  Jan., 
1894,  pp.  33-36. 

f  Annual  Report  of  New  Jersey,  for  1892,  p.  64. 

1  See  diagram.  Fig.  7,  and  explanation  by  iMr.  Warren  Upham  on  page  186. 

§  See  Glacial  Succession  in  Ohio,  .fourn.  of  G«ol ,  vol.  i,  p.  132. 
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In  Professor  Salisbury's  last  Report  upon  the  surface  geology  of 
New  Jersey,  he  arrives  at  nearly  the  same  conclusion  with  Pro- 
fessor Lewis,  namely,  that  there  was  during  the  earlier  glaciation 
a  subsidence  of  the  eastern  coast  in  that  region  to  the  extent  of 
at  least  130  feet.  In  an  examination  which  I  made  last  sum- 
mer, in  company  with  Mr.  Ernest  Volk,  of  the  gravel  terraces 
west  of  Trenton,  N.  J.,  and  extending  from  Fallsington  to 
Yardleyville,  Pa.,  the  facts  elicited  seem  to  show  that  the  de- 
position was  continuous  and  comparatively  rapid  from  the 
gravels  at  a  level  of  about  170  feet  near  Yardleyville  down  to 
the  valley  at  Fallsington,  where  the  level  of  the  terrace  is  but 
slightly  above  that  of  Trenton.  The  gravel  rests  upon  the 
gentle  slope  in  a  nearly  continuous  blanket,  and  not  in  the 
irregular  manner  which  must  have  been  the  case  if  it  had  been 
working  down  from  a  higher  elevation  over  a  slope  that  was 
gradually  formed  by  the  lowering  of  a  broad  valley  through 
undercutting  of  the  solid  rock. 

The  evidence  brought  to  light  during  the  past  year  thus 
seems  in  the  clearest  manner  to  remove  many  of  the  arguments 
which  have  been  adduced  to  prove  an  extremely  long  inter- 
glacial  episode  and  the  consequent  discontinuity  of  the  epochs. 
Several  specially  important  papers,  however,  have  been  pre- 
sented during  the  year  aiming  to  show  that  the  lapse  of  time 
between  the  maximum  of  glaciation  and  the  formation  of  Pro- 
fessor Chamberlin's  "  terminal  moraine  of  the  Second  Glacial 
epoch  "  is  much  longer  than  the  period  which  extends  from 
the  formation  of  the  second  moraine  to  the  present.  Mr. 
Leverett  (the  value  of  whose  extensive  observations  is  becom- 
ing more  and  more  apparent),  in  a  paper  before  the  Geological 
Society  of  America  in  August  last,  adduced  much  cogent  evi- 
dence to  show  that  the  present  valley  of  Rock  River  in  Illinois 
is  different  from  the  preglacial  valley,  and  that  where  it  now 
runs  through  the  area  of  the  older  drift  the  erosion  is  so  great 
that  it  calls  for  seven  or  eight  times  as  long  a  period  as  that 
demanded  by  the  postglacial  erosion  of  the  Niagara  River  or 
by  the  postglacial  work  of  the  Mississippi  below  the  Falls  of 
St.  Anthony.  Mr.  Oscar  H.  Hershey,*  also,  adduces  similar 
evidence  from  the  area  of  the  older  drift  occupied  by  several 
small  tributaries  of  Rock  River  in  Stevenson  County,  Illinois. 
The  minimum  age  of  those  portions  of  the  gorges  of  these 
streams  which  have  been  formed  since  the  occupation  of  the 
region  by  ice,  is  estimated  by  Mr.  Hershey  to  be  50,000  years. 
Mr.  Leverett  also  adduces  the  great  amount  of  erosion  in  the 
till  which  covers  Sangamon  County  and  the  region  farther 
south  in  Illinois,  as  compared  with  that  north  and  east,  to 
prove  that  the  older  drift  is  several  times  older  than  the  newer. 

♦  Am.  Geol.,  vol.  xii,  p.  314  seq. 
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In  proof  of  the  same  calculation  Mr.  Leverett  also  adduces  the 
fact  that  in  Southern  Ohio  the  till  is  oxidized  to  a  yellow  color 
to  a  depth  of  about  twenty  feet,  below  which  it  is  unoxidized 
and  blue.* 

These  moderate  conclusions  of  the  date  of  the  period  of 
maximum  glaciation  are  so  strikingly  in  contrast  with  those 
which  have  been  adduced  from  Mr.  CroU's  astronomical  theory, 
and  with,  those  which  would  be  necessary  if  Professor  Cham- 
berlin's  theory  of  the  interglacial  origin  of  the  rock  gorge  of 
the  Ohio  Kiver  had  been  true,  that  it  is  hardly  worth  while  to 
make  any  issue  with  regard  to  them.  At  the  same  time  it  is 
proper  to  note,  first,  that,  in  streams  which  are  flowing  out- 
ward from  the  glaciated  area,  there  is  considerable  danger  of 
confounding  preglacial  with  postglacial  erosion ;  and  in  the 
second  place,  that  we  are  bound  to  keep  in  mind  that  when 
these  streams  were  first  pushed  out  of  their  original  channels 
by  the  ice  the  present  channels  probably  became  lines  of  Gla- 
cial drainage,  in  which  the  supply  of  water  and  other  conditions 
may  have  favored  very  rapid  work.  And,  thirdly,  apropos  of 
Mr.  Leverett's  observation  upon  the  oxidation  of  the  till  in 
Southern  Ohio,  I  would  say  that  certain  facts  which  have  come 
under  my  own  observation  during  the  past  summer  would  seem 
to  indicate  that  local  considerations  which  we  do  not  fully 
understand  may  so  far  control  the  rate  of  oxidation  as  seri- 
ously to  interfere  with  calculations  from  that  factor  alone. 

Oberlin  lies  in  the  watershed  of  Lake  Erie  in  the  area  of 
later  glaciation  north  of  Mr.  Leverett's  twelfth  moraine.  Dar- 
ing the  past  season  miles  of  trenches  have  been  dug  in  provid- 
ing sewerage  for  the  town,  and  the  facts  have  been  carefully 
collected  by  Mr.  Lynde  Jones,  and  have  been  under  constant 
observation  by  Professor  A,  A.  Wright  and  myself.  Mr. 
Jones  will  soon  publish  his  results.  But  one  fact  only  is  neces- 
sary for  my  present  purpose.  Everywhere  the  yellow  till 
extends  down  to  a  depth  of  several  feet,  ranging  from  six  to 
fourteen,  where  it  is  underlaid  by  blue  till.  It  would  thus 
appear  that  in  the  compact  deposit  in  the  northern  part  of 
Ohio,  in  one  place  at  least,  the  oxidation  is  from  one-third  to 
two-thirds  as  deep  as  that  which  is  reported  by  Mr.  Leverett  in 
the  oldest  drift  in  the  southern  part  of  the  State. 

Mr,  McGee's  latest  Views. 

During  the  year,  also,  Mr.  W.  J.  McGee,  formerly  of  the 
United  States  Geological  Survey,  has  published  a  highly  illus- 
trated and  elaborate  report  upon  "  The  Pleistocene  History  of 
Northeastern  Iowa, "  which  brings  to  light  many  suggestive 

*See  the  Glacial  Succession  in  Ohio,  Journ.  Geol.,  vol.  i,  p.  132. 
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facts  bearing  upon  the  question  in  hand.     Notwithstanding;  the 

feneral  excellence  of  the  report,  we  are  not  sure  that  we  have 
een  able  altogether  to  ascertain  the  personal  equation  of  the 
writer ;  for  in  many  places  it  is  evident  that  slenderly  sup- 
ported inferences  are  stated  with  such  an  unwarranted  degree 
of  confidence  as  is  calculated  seriously  to  mislead  the  unin- 
formed reader.  This  is  specially  the  case  in  the  part  which  he 
has  assigned  to  the  Pleistocene  water  bodies.  Repeatedly  in 
his  maps  he  covers  the  driftless  area  of  Wisconsin  with  a  body 
of  water  produced  by  the  damming  up  of  the  Mississippi 
through  the  junction  of  the  lobes  of  ice  which  came  down  from 
either  side.  This  he  has  named  Lake  Hennepin.  I  have  not 
much  personal  familiarity  with  the  region ;  but,  judging  from 
the  explicit  reports  upon  it  by  Professors  Chamberlin  and 
Salisbury,  they  would  seem  to  be  correct  in  discrediting  the 
existence  of  any  such  body  of  water.  I  am  more  familiar  with 
the  region  in  Indiana  between  the  forks  of  the  White  Kiver, 
just  south  of  the  moraine — a  region  which  I  explored  somewhat 
carefully  ten  years  ago.  This  is  the  highest  land  in  the  State, 
running  up  in  one  place  to  an  elevation  of  1147  feet  above 
tide,  and  the  whole  country  to  the  south  of  it  was  open  during 
the  glacial  period.*  In  short  it  is  an  impossible  position  for  a 
Glacial  lake.  Yet  Mr.  McGee  has  it  covered  with  a  Pleistocene 
body  of  water. 

Nevertheless,  this  tendency  to  theorizing  independent  of  the 
facts  may  not  be  allowed  to  discount  the  great  body  of  Mr.  Mc- 
Gee's  observations  which  bring  to  light  several  very  important 
things.  We  note  in  the  first  place,  that,  while  the  sixteen  thou- 
sand square  miles  in  Northeastern  Iowa  upon  which  he  reports 
lies  entirely  outside  of  what  Professor  Chamberlin  had  reckoned 
as  "the  terminal  moraine  of  the  second  Glacial  epoch,"  yet 
Mr.  McGee  insists  that  the  area  is  covered  by  the  remains  of 
two  Glacial  epochs,  separated  by  an  interglacial  period,  which 
is  rather  indefinitely  reckoned  as  from  28  to  280  times  as  long 
as  the  period  of  written  history,  that  is  from  200,000  to  2,000,- 
000  years  in  extent,  if  by  written  history  he  includes  the  writ- 
ings upon  the  monuments  in  Egypt  and  Babylonia. 

Secondly,  the  principal  basis  of  this  inference  is  the  existence 
of  a  forest  bed  over  a  portion  of  the  area  near  the  margin,  and 
a  marked  diflference  between  the  character  of  the  upper  and 
lower  tills. 

But,  thirdly,  the  character  of  the  vegetal  deposits  does  not 
indicate  as  warm  a  climate  as  that  which  now  characterizes  the 
region ;  but,  like  those  in  Southern  Ohio,  which  Professor 
Orton  and  Mr.  Leverett  have  described,  the  interglacial  trees 

*  See  map,  Fig.  1. 
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are  mostly  coniferous,  and  such  as  may  well  grow  npon  the  very 
border  of  an  ice-sheet. 

Fourthly,  though  supposed  to  be  separated  by  such  an  enor- 
mous interval,  these  two  ice-invasions  very  nearly  duplicated 
each  other ;  the  second  extending  down  very  near  to  the  margin 
of  the  first:  so  that  while  the  first  covered  an  area  of  13,000 
square  miles,  the  second  covered  an  area  of  12,000  square  miles. 

Fifthly,  Mr.  McGee's  interpretation  of  the  blue  till  at  the 
bottom  is  exactly  the  reverse  of  that  put  forth  by  Mr.  Leverett 
and  most  observers.  The  upper  till  in  this  area  is  yellow,  while 
the  lower  is  blue.  Usually  it  has  been  thought  that  the  yellow 
till  measured  the  extent  of  the  oxidation  from  the  surface  dowD. 
Of  course,  then,  the  older  till  should  have  been  completely 
oxidized,  and  yet  throughout  this  part  of  Iowa  it  has  the  bine 
color  of  the  unoxidized  till.  Mr.  McGee  believes — on  what 
basis  except  purely  theoretical  it  is  difficult  to  see — that  it  has 
indeed  all  been  oxidized,  but  was  then  deoxidized  through 
the  influence  of  the  overlying  forest  bed. 

Altogether  this  report  of  Mr.  McGee  does  not  seem  likely 
to  lend  any  solid  supjwrt  to  the  theory  of  an  extremely  long 
interglacial  epoch  which  he  has  so  confidently  espoused. 

Summary^ 

In  giving  a  brief  summary  of  the  course  of  events  connected 
with  the  Glacial  period,  it  will  come  in  the  way  to  state  more 
fully  than  has  heretofore  been  done  how  those  who  question 
the  long  interglacial  ejHX?h  can  account  for  what  has  been  called 
the  moraine  of  the  second  Glacial  epoch,  and  for  the  river  ter- 
races which  everywhere,  east  of  the  Mississippi  River,  head 
near  the  moraine. 

So  far  as  known,  the  following  scheme  would  seem  most 
naturally  to  comprehend  all  the  facts  relating  to  the  Glacial 
period  in  America : — 

1st.  The  earlier  portions  of  the  Tertiary  period  were  char- 
acterized, throughout  all  the  northern  hemisphere,  by  low  alti- 
tude of  land  and  a  warm  temperature  even  in  close  proximity 
to  the  pole. 

2d.  A  period  of  slow  continental  elevation  of  the  regions 
which  are  now  covered  by  Glacial  drift,  extending  through  some 
hundreds  of  thousands  of  years,  was  in  progress  late  in  the 
Pliocene  epoch.  Daring  this  stage  of  events  the  fiords  which 
characterize  the  northern  portions  of  both  Europe  and  America, 
and  the  extensive  rock  gorges,  like  those  of  the  upper  Ohio 
River  and  its  tributaries,  were  eroded. 

3d.  Contemporaneously  with  this  continental  elevation  at  its 
maximum  stage,  and  chiefly  as  a  consequence  of  it,  Glacial  con- 
ions  characterized  all  the  higher  latitudes  of  North  America 
^  western  Europe.     In  Eastern  North  America  the  center  of 
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Glacial  radiation  was  in  the  vicinity  of  James  Bay.  A  land 
elevation  of  three  or  four  thousand  feet  would  perhaps  have 
been  suflBcient  to  produce  the  Glacial  conditions ;  but  the  accu- 
mulation of  Glacial  ice  would  eventually  raise  the  surface 
several  thousand  feet  higher. 

4tli.  Before  the  climax  of  the  Glacial  period,  and  perhaps  in 
consequence  of  its  burden  of  ice,  the  glaciated  area  began  to 
sink  until  the  land  was,  north  of  the  Great  Lakes  at  any  rate, 
several  hundred  feet,  at  least,  lower  than  it  now  is.  But  for 
some  time  after  the  beginning  of  the  subsidence  of  the  land  the 
rate  of  accumulation  of  ice  would  be  greater  than  that  of  the 
subsidence ;  so  that  the  general  level  of  the  glacier  continued  to 
rise.  Thus  the  maximum  extension  of  the  ice-iield  was  actually 
reached  but  a  short  time  before  the  decline  of  the  period  set  in. 

5th.  As  suggested  to  me  by  Mr.  Upham,  "  The  frontal  slope 
of  the  ice-surface  was  then  less  steep  than  when  the  warmer 
climate,  bringing  the  end  of  the  Glacial  period,  had  begun  to 
melt  away  the  southern  border.  At  the  maximum  of  extent 
the  slope  may  be  thus  represented : — terminating  in  a  very 

Fig.  7. 
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gentle  declivity,  allowing  some  transportation  of  bowlders  to 
the  boundary,  but  not  generally  so  steep  as  to  produce  there 
any  well-defined  moraine.  In  the  Glacial  recession  the  warm 
sunshine  and  rains  were  especially  efficient,  on  a  belt  a  few 
miles  or  a  few  tens  of  miles  wide  adjoining  the  boundary,  so 
that  when  any  temporary  colder  series  of  years  caused  a  halt  or 
slight  re-advance  a  moraine  would  be  formed.  " 

Lack  of  personal  familiarity  with  glaciers  of  the  first  class 
has,  I  am  persuaded,  led  Professor  Chamberlin  to  misinterpret 
many  of  the  facts  connected  with  what  he  calls  the  moraine- 
headed  terraces  of  the  later  Glacial  epoch.     As  good  an  ex- 
■       ample  as  any  is  furnished  on  the  Conewango  Creek  at  Ack- 
'.      ley,  Pa.,*  a  region  which  1  had  repeatedly  visited,  both  before 
:'•.     and  after  my  study  of  the  Muir  Glacier.     Professor  Chamberlin 
^\    has  much  to  say  about  the  signs  of  vigorous  ice-action  in  con- 
^J    nection  with  the  moraine  of  the  second  Glacial  epoch,  and  of 
'-   the  moraine-headed  terraces.     The  indications  of  this  vigorous 

*  See  map,  Fig.  3. 
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action  are  not  only  the  frequency  of  Glacial  rock  scorings  to 
the  north,  but,  among  other  things,  the  knobs  and  depressions 
in  the  moraine  and  in  the  head  of  the  moraine  terraces. 

So  far  as  the  rock  scoring  and  analogous  phenomena  are  con- 
cerned, it  is  a  matter  of  course  that  the  agencies  producing 
them  increased  in  eflSciency  as  you  recede  from  the  border ;  for 
all  the  ice  which  reached  the  border  moved  over  the  central  area 
of  glaciation  together  with  all  the  ice  that  reached  to  any  distance 
beyond  the  central  area.  The  cup  and  saucer  character  of  the 
deposits  at  the  edge  of  the  glacier  where  a  moraine  was  formed, 
is  probably  due  in  considerable  measure  to  the  irregular  melting 
away  of  ice  which  originally  underlaid  the  deposit.  The 
present  level  of  the  deposits  is  not  by  any  means  always 
the  original  level.  At  Ackley  and  for  a  short  distance  in  the 
valley  below,  for  instance,  the  ice  was  very  likely  originally  at 
one  time  one  or  two  thousand  feet  thick,  and  resting  npon  the 
rock  bottom  of  the  river  trough.  In  the  process  of  ablation, 
when  the  ice  at  the  front  had  wasted  to  a  thickness  of  200  or 
300  feet  more  or  less,  it  was  probably  covered,  as  the  front  of 
the  Malaspina  and  a  portion  of  that  of  the  Muir  glacier  are, 
with  a  vast  amount  of  pebbles,  sand,  gravel,  and  clay  which  had 

fjradually  worked  down  upon  it.  In  the  place  where  the  nnder- 
ying  ice  was  thickest,  its  melting  away  would  let  the  superin- 
cumbent mass  down  to  a  lower  level  than  that  which  rested 
upon  a  more  permanent  basis 

This  seems  to  be  just  what  we  have  at  Ackley.  A  terrace 
upon  the  east  side  two  miles  below  Ackley,  rises  to  a  height  of 
150  feet  above  the  flood-plain,  and  is  level  topped.  On  follow- 
ing it  up  the  river,  however,  it  soon  ceases  to  be  level  topped, 
and  exhibits  knolls  and  saucer-shaped  depressions  character- 
istic of  true  morainic  accumulations.  At  the  same  time  it  grad- 
ually falls  to  a  lower  level,  so  that  at  Ackley  the  moraine  is  not 
over  forty  or  fifty  feet  above  the  flood  plain,  and  north  of 
Ackley  these  deposits  in  the  valley  give  place  to  a  long  swampy 
stretch  of  country  extending  for  several  miles  up  the  stream, 
and  which  is  absolutely  devoid  of  surface  gravel.  The  expla- 
nation of  this  is  that  north  of  the  portion  of  the  terrace  first 
mentioned  the  underlying  ice  in  the  valley  was  assuming  greater 
and  greater  importance  until  above  Ackley  it  reigned  supreme. 
When  at  length  it  melted  away,  the  gravel  gradually  and 
irregularly  settled  down  to  lower  levels  as  the  ice  was  thicker 
and  thicker,  until  back  of  the  moraine  there  was  nothing  but 
space  left.  If  I  mistake  not,  I  have  seen  a  similar  process 
going  on,  on  the  east  side  of  the  Muir  inlet,  where  the  front  of 
the  ice  rests  upon  the  main  land.  If  instead  of  debouching  at 
its  center  into  the  tide  water,  thi5  glacier  was  stretching  out  into 
a  valley  above  tide  with  a  distinct  trough  in  the  center,  we 
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might  easily  have  exactly  the  phenomena  repeated  which 
appear  at  Ackley  and  at  various  other  places  characterized  by 
snch  moraine-headed  terraces  as  were  described  by  Professor 
Lewis  and  myself  in  1881.  Professor  Charaberlin  probably 
needs  to  revise  his  interpretation  of  these  facts,  in  view  of  a 
wider  knowledge  of  actual  Glacial  phenomena.* 

6th.  From  the  time  the  ice  first  entered  the  headwaters  of 
the  Allegheny,  the  Susquehanna,  and  the  Delaware  Kiver,  the 
silting  up  of  their  channels  began.  This  was  effected  largely 
by  uieans  of  the  excessive  amount  of  Glacial  debris  brought 
within  reach  of  the  streams.  But  during  the  earlier  retreat  of 
the  ice-front  from  its  maximum  extent,  the  silting  was  facili- 
tated by  the  differential  northerly  depression  which  existed. 
During  a  part  of  this  time,  also,  it  was  facilitated  in  the  Ohio 
Valley  by  the  Glacial  dam  at  Cincinnati. 

7th.  After  some  thousands  of  feet  of  ice  had  melted  off,  re- 
lieving the  land  from  a  large  part  of  its  burden,  the  re-elevation 
of  the  continent  began ;  (and,  as  probably  the  most  of  the  sedi- 
mentation of  the  preglacial  river  gorges  liad  been  effected  dur- 
ing the  earlier  portion  of  this  period  of  recession),  there  was 
then  an  indefinitely  prolonged  period  of  re-excavation  by  con- 
tinuous torrents  of  comparatively  clear  water,  facilitated  in  the 
Ohio  Valley  by  the  wearing  away  of  the  Cincinnati  dam,  which 
increased  by  so  much  the  gradient  of  the  stream. 

8th.  When  equilibrium  had  been  established  again,  the  land 
was  at  about  its  present  altitude,  but  was  still  covered  to  a  con- 
siderable depth  with  ice  north  of  the  most  prominent  moraines. 
The  great  size  of  these  moraines  is  partly  due  to  the  vast 
amount  of  englacial  material  held  in  the  lower  strata  of  the  ice. 

9th.  The  deposits  of  the  so-called  Champlain  epoch  near  the 
margin  of  the  glaciated  area  were  considerably  earlier  in  time 
than  those  which  settled  over  the  Champlain  valley  itself,  since 
no  deposits  could  take  place  there  until  the  ice  had  retreated 
from  the  area ;  but  these  deposits  are  properly  classed  together 
as  Champlain,  since  they  belong  to  one  epoch  of  general  move- 
ment. 

10th.  So  great  a  complication  of  causes  was  connected  with  the 
production  of  all  the  phenomena  connected  with  the  period 
that  there  were  doubtless  many  oscillations  of  the  ice-front 
both  during  the  general  advance  and  the  general  retreat  of  the 
ice-sheet.  The  extent  and  continuance  of  these  oscillations  is  to 
be  learned  from  study  of  the  buried  forests  and  vegetal  deposits 
which  lie  between  the  earlier  and  later  sheets  of  till,  and  by 
such  instances  of  erosion  as  may  be  clearly  proved  to  be  inter- 
glacial.  But  there  does  not  seem  to  be  evidence  of  any  oscilla- 
tions of  the  front  sufficient  to  break  the  proper  continuity  of 
the  period. 

*  For  an  interesting  discussion  of  the  points  here  at  issue,  see  Warreu  U^\i^\ft.> 
Bulletin  of  the  Geol.  Soc.  ot  America,  vol  v,  pp.  71-86;  81-\0V)  (.Jan.,  \%^\^. 
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Art.  XVIII. — On  the  Chemical  Composition  of  Chondrodite^ 
Humite  and  Cliiiohmnite ;  by  S.  L.  Penfield  and  W.  T. 
H.  Howe. 


Introduction. — These  minerals,  which  are  regarded  collec- 
tively as  the  humite  group,  have  been  the  subject  of  repeated 
crystallographic  and  chemical  investigation.  For  our  knowl- 
edge of  their  crystallization  we  are  indebted  to  such  careful 
.  and  accurate  observers  as  Haiiy,  Phillips,  G.  Rose,  Levy, 
Miller,  Hausmann,  Hessenberg,  A.  Scacchi,  vom  Rath,  Nor- 
denskiold,  Kokscharow,  J.  D.  and  E.  S.  Dana,  C.  Klein,  Des 
Cloizeaux  and  Hj.  Sjogren,  whose  names  are  familiar  to  all 
workers  in  crystallography  and  mineralogy.  It  is  not  the  pur- 
pose of  this  article  to  take  up  the  details  of  the  crystallization 
of  these  minerals  or  to  review  the  progressive  steps  by  means 
of  which  we  have  derived  our  present  knowledge  of  their 
highly  modified  and  complicated  crystals,  but  reference  can  be 
made  to  the  excellent  historical  sketch  in  a  recent  number  of 
Dr.  Hintze's  Mineralogy,  page  370.  In  the  description  of  the 
crystals  that  were  examined  during  the  course  of  our  investi- 
gation we  shall  use  essentially  the  same  system  of  lettering 
and  of  crystal  notation  adopted  by  A.  Scacchi*  and  E.  8. 
Dana.t 

In  the  humite  group  three  distinct  species  are  at  present 
recognized,  each  characterized  by  the  occurrence  of  certain 
forms  which  are  not  found  on  the  others  and  having  the  fol- 
lowing axial  relations : 

Chondrodiie,  Monoclinic,       a  :  ft :  c  =  1-08630 :  I  :  3-14472  /?  =  90j 
Humite,  Orthorhombic,  a:b:c=  1-08021 :  1 :  4-40334 /?  =  90§ 

Clinohuraite,  Monoclinic,        a\b:c=z  1-08028 :  1 :  5*65883  /?  =  90l 

In  the  above  the  a  axes  are  practically  alike,  while,  as  shown 
by  Scacchi  and  vom  Rath,  a  simple  relation  exists  between  the 
vertical  axes,  that  of  chondrodite  being  -|ths  and  that  of  humite 
^ths  the  length  of  the  clinohumite  axis.  These  relations  are 
shown  in  the  following  table,  to  which  the  axial  ratio  of 
chrysolite,  a  closely  related  mineral,  has  also  been  added. 


Chondrodite a:  b 

Humite a  :  b 

Clinohumile a:  b 

Chrysolite b  :  2a 


\c  =  1-08630:  1  :  0-02894 

|c=  1-08021  :  1  :  0-62905 

|c=  1-08028:  1  :  0-62876 

c=  1-0735    :  1  :  0-6296 


*Pogg.  Ann  ,  Erg.  B.,  iii,  p.  161,  1851. 

f  Mineralogy,  Sixth  Edition,  p.  535.     Trans.  Conn   Acad.,  iii,  p.  67. 

1  K.  S.  Dana,  loc.  cit. 

§  A.  Scacchi,  loc.  cit. 

I  vom  Rath,  Pogg.  Ann.,  Erg.  B.,  v,  p.  373,  1871. 
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It  is  evident  from  the  above  that  the  first  three  minerals 
form  a  crystallographic  series  and  that  all  of  the  forms  occur- 
ring on  them  could  practically  be  referred  to  one  system  of 
axes,  but  by  so  doing  the  parameter  relations  on  the  vertical 
axis  would  become  exceedingly  complicated.  Chondrodite 
and  clinohumite,  although  their  inclination  ^  is  90°,  are  mono- 
clinic  both  as  regards  the  symmetry  in  the  development  of  the 
faces  and  their  optical  properties,  chondrodite  showing  an 
extinction  of  26°-80°  and  clinohumite  7^^-12^°  from  the  ver- 
tical axis,  while  humite  in  all  of  its  properties  is  orthorhombic. 

The  chemical  relations  of  the  minerals  have  never  been 
satisfactorily  determined.  This  is  owing  partly  to  the  fact 
that  it  has  been  difficult  to  obtain  pure  material  in  sufficient 
quantity  for  analysis,  while  the  analytical  difficulties  in  the 
accurate  determinations  of  silica  and  fluorine  have  not  always 
been  overcome.  Water  in  the  form  of  hydroxyl,  which  is  an 
unfailing  constituent  of  the  minerals,  has  either  been  over- 
looked or  incorrectly  determined.  Scacchi*  regarded  the  min- 
erals as  representing  three  types  of  crystallization  of  one  and 
the  same  chemical  substance,  which  he  designated  as  humite 
type  I,  type  II  and  type  III.  Kammelsbergf  and  vom  Ilath:(: 
have  suggested  for  the  whole  group  the  formula  Mg^Si^O,, 
with  part  of  the  oxygen  replaced  by  fluorine,  although  they 
recognized  that  the  percentages  of  silica  varied  in  the  diflferent 
types.  Wingard§  also,  from  the  results  of  his  recent  analyses, 
concludes  that  the  three  minerals  have  the  same  chemical  com- 
position, expressed  by  the  formula  Mg,gF^(0II),Sig03„  while 
Hj.  Sjogren,!  largely  from  a  recalculation  of  the  older 
analyses  and  a  consideration  that  water  had  been  overlooked 
in  them,  derived  a  separate  formula  for  each  species,  as  follows : 


Clinohumite Mg^ 

Humite Mg, 

Chondrodite Ms: 


£34 


Mg(OH.F) 
Mg{OH ,  F) 
Mg(OH .  F) 


sio; 

SiO.-, 


Sjogren  assumes  that  hydroxyl  is  isomorphous  with  fluorine 
and  calls  attention  to  the  fact,  already  suggested  by  Rammels- 
berg  and  vom  Rath,  that  the  three  minerals  show  a  variation 
in  their  silica  percentages. 

In  the  present  investigation  we  have  been  able  to  examine 
the  following  materials :  Chondrodite  from  Warwick  and 
Brewster's,  New  York ;  Kaf veltorp,  Sweden  and  Mte.  Somma, 
Italy.     Humite  and  Clinohumite  from  Mte.  Somma. 

*  Loc.  cit. 

f  Mineralchemie,  p.  434,  1876. 

Pogg.  Ann.,  cxlvii,  p.  254,  18'72. 

Zeitschr.  Anal.  Chem ,  zziv,  p.  3i4,  1885. 

Zeitschr.  Kryst.,  vii,  p.  354,  1883. 
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After  having  definitely  determined  tne  crystallographic 
character  of  the  nninerals  they  were  pulverized  and  sifted  to  a 
uniform  grain  and  separated  from  the  gangue  and  other 
impurities  by  means  of  the  barium-mercuric-iodide  solution. 
Thanks  to  this  accurate  method  of  separation  we  have  had  an 
advantage  over  all  previous  investigators  in  being  able  to  ob- 
tain an  abundance  of  material  for  the  chemical  analyses.  Each 
product  that  was  obtained  was  nearly  uniform  in  specific 
gravity  and  almost  absolutely  pure,  as  shown  by  examination 
with  the  polarizing  microscope. 

Method  of  analysis, — Silica,  fluorine  and  bases  were  deter- 
mined in  one  portion,  usually  of  from  one  to  two  grams,  which 
was  fused  with  a  mixture  of  sodium  and  potassium  carbonates 
and  treated  according  to  the  Berzelius  method  of  analyzing 
silicates  containing  fluorine.  On  soaking  out  the  fusion  with 
water  in  a  platinum  dish  it  was  found  that,  owing  to  the  basic 
character  of  the  mineral,  only  a  small  quantity  of  silica  had 
gone  into  solution,  and  this  was  separated  directly  by  means  of 
zinc  oxide  dissolved  in  ammonia,  thus  avoiding  the  customary 
precipitation  with  ammonium  carbonate.  The  solution  filtered 
from  the  zinc  oxide  and  silica,  and  containing  the  alkali  carbo- 
nate and  fluoride,  was  nearly  neutralized  with  hydrochloric 
acid,  heated  to  boiling,  and  calcium  fluoride  and  carbonate  pre- 
cipitated by  addition  of  calcium  chloride.  After  collecting 
the  precipitate  it  was  ignited  to  low  redness  in  a  weighed 
platinum  crucible  and  the  calcium  carbonate  or  oxide  removed 
by  means  of  acetic  acid.  At  this  point  we  have  usually  pro- 
ceeded as  follows :  To  the  ignited  precipitate  in  the  crucible 
water  and  1  or  2^^  of  acetic  acid  were  added,  the  whole  was 
then  digested  for  some  time  on  the  water  bath  with  the  cruci- 
ble covered,  finally  the  cover  was  removed  and  the  excess  of 
acid  evaporated.  The  dry  salts  were  then  extracted  with  hot 
water  and  the  solution  filtered  through  a  small  filter.  After 
washing,  the  paper  was  burned  in  the  same  crucible,  the  resi- 
due treated  again  with  water  and  a  small  quantity  of  acetic 
acid,  the  operation  being  repeated  until  all  of  the  calcium  car- 
bonate and  oxide  had  been  extracted.  Our  experience  has 
shown  that  a  large  excess  of  acetic  acid  used  at  once  gives  too 
low  results.  This  method  is  not  very  tedious  and  is  satisfac- 
tory, as  shown  by  the  following  test  experiments  where  deter- 
minations were  made  with  known  weights  of  pure  fluorite 
mixed  with  chrysolite  in  the  proper  proportion  to  give  amounts 
of  fiuorine  and  magnesium  silicate  about  equal  to  those  in 
chondrodite. 

Equivalent  of 


Chrysolite. 

CaFe  taken. 

fluorine. 

Fluorine  found. 

Loss. 

1-3782 

•2942 

•1438 

•1416 

•0022 

1-3794 

•3012 

-1473 

•1456 

•0017 
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These  results,  although  low,  are  within  0*15  and  010  per 
cent  of  the  theory  when  expressed  in  terms  of  the  mixture  of 
chrysolite  and  fluorite.  The  iron  was  separated  from  magnesia 
by  ammonium,  the  precipitation  being  repeated  at  least  twice 
to  ensure  a  complete  separation.  Water  was  sometimes 
weighed  directly  in  a  U  tube  containing  sulphuric  acid,  the 
mineral  being  fused  with  anhydrous  sodium  carbonate  in  a 
Gooch*  tubulated  crucible,  special  pains  being  taken  to  sur- 
round the  crucible  in  which  the  fusion  was  made  by  a  larger 
one  containing  sodium  carbonate.  Thus  the  gas  flame  never 
came  into  direct  contact  with  the  inner  crucible  and  the  pas- 
sage of  gases  through  the  red  hot  platinum,  which  would  have 
rendered  the  results  too  high  was  avoided.  This  method  has 
been  carefully  tested  by  us  and  gives  accurate  results.  In 
some  analyses,  where  the  percentage  of  ferrous  oxide  was 
small,  water  was  determined  as  loss  on  ignition,  as  follows : 
About  0*4  gram  of  lime  was  ignited  to  a  constant  weight  in  a 
platinum  crucible,  into  which  subsequently  the  mineral  was 
weighed.  The  lime  was  then  carefully  slaked  and  mixed  with 
sufficient  water  to  make  a  thin  paste ;  after  drying  down  on 
the  water  bath  the  crucible  was  ignited,  gently  at  hrst,  Anally 
over  the  blast  lamp,  to  a  constant  weight.  iThe  lime  keeps 
fluorine  from  escaping  and  the  error  which  would  result  from 
the  complete  oxidation  of  the  iron  would  amount  only  to  a 
few  hundredths  of  one  per  cent.  Duplicate  determinations 
made  by  both  methods  agreed  very  well  with  one  another. 
The  water  determined  in  the  analyses  must  have  come  from 
hydroxyl  as  it  cannot  be  completely  expelled  from  chondrodite 
except  by  intense  ignition.  Thus  a  sample  from  Warwick, 
N.  Y.,  which  by  direct  determination  yielded  1*43  and  1*48 
per  cent,  gave  only  0*48  per  cent  when  ignited  in  a  glass  tube 
over  the  blast  lamp,  lime  being  used  to  retain  the  fluorine. 
The  method  that  has  been  usually  adopted  of  igniting  with 
lead  oxide  was  also  tested  and  found  to  be  wholly  unsuitable, 
two  determinations  yielding  only  0*77  and  0*56  per  cent. 

Chondrodite^  {Humite  Type  II  of  Scacchi.) 

Chondrodite  from  Warwick^  Orange  Co.^  N.  Y.  —  The 
material  that  was  selected  for  analysis  was  obtained  from  a 
specimen  in  the  Brush  collection,  Catalogue  No.  2054.  The 
cnondrodite  occurs  as  rounded  grains,  of  a  rich  reddish-brown 
color  imbedded  in  a  white  crystalline  limestone  and  associated 
with  spinel  and  graphite.  The  material  was  very  fresh  and 
showed  occasional  crystal  faces,  but  not  sufficient  for  the  iden- 
tification of  the  mineral.     It  was  selected  at  the  beginning  of 

*  Am.  Chem.  Jour.,  ii,  p.  247,  1880. 


192         Penjidd  and  Howe — Chemical  Composition 

our  investi^tion  as  it  afforded  abundant  material  for  testing 
the  methods  of  the  mechanical  separation  and  the  chemicd 
analysis.  The  powder  separated  by  the  heavy  solution  varied 
in  specific  gravity  between  the  limits  3*165  and  8'235.  It 
showed  only  a  trace  of  impurities  when  examined  with  the 
microscope,  probably  of  partly  altered  spinel,  which  accounts 
for  the  small  amount  of  AIjO,  shown  by  the  analysis.  That 
the  mineral  is  really  chondrodite  is  proved  by  the  chemical 
analysis,  as  will  be  shown  later,  while  from  the  same  locality 
there  is  in  the  Brush  collection  a  small  specimen.  Catalogue 
No.  2057,  corresponding  exactly  in  color  and  showing  crystals 
that  could  be  measured  and  identified  as  chondrodite.  These 
are  associated  with  an  ash-gray  amphibole  and  have  evidently 
weathered  out  from  limestone. 

The  crystals  are  attached  so  that  only  the  following  forms 
could  be  identified : 

c,  001,  O  7i„   111,-1  r,,   125,    -|-2 

I-  A  hemidome,  probably  I02  or  S05  was  also 

present  but  could  not  be  identified  with  cer- 
tainty. The  crystals  are  twinned  about  the 
base  and  have  the  habit  shown  in  figure  1. 
Only    approximate    measurements   could   be 

made. 

Calculated  for 
Measured.  choudrodite. 

c  /v  n^,  001 A  1 11  =  76°  30'  76°  50' 

c  A^,  001 /s,  125  =   54  54    10 

^A^,  125^125  =   94  94    51^ 

The  analysis  will  be  given  later. 

Chondrodite  from  the  Tilly-Foster  mine  Brewster,  Putnam 
Co.^  N.  Y. — The  material  for  analysis  was  selected  wholly 
from  isolated  crystals,  which  were  obtained  by  the  authors  at 
the  locality.  Each  crystal  was  measured  and  found  to  possess 
characteristic  chondrodite  forms.  The  habits  of  different  crys- 
tals varied  considerably  but  conformed  in  general  to  types 
figured  by  E.  S.  Dana.  The  forms  identified  by  us  and  some 
of  the  measured  angles  are  the  following : 

hy  010,  U  -w„  In,  1  r„    I27,  ^2 

c,  001,    O  r„  125,  ^2  r„    l23,  |^2 

^\,  012,  fi  r,,   121,-2-2  m»,  §21,  8-} 

Measured.  Calculated.  Measured.    Calcalated. 

U^r^,  125^125=  94'' 51'       94' 51^'  r,  ^r*,  123  a  121  =  31°  39^'       31*39' 

ryA.ru  127  A  127  =  79    15        79    24  6    a  r*,  010^121  =  26     3  26   68 

r,  A  r,,  123  a  .23  =112  43^  112  55  r,  a  n,,  123  a  ill  =  19  42  19  31i 

r,  A  r,,  127  A  123  =  21    54         2153  nia  Ana,  321  a  111  =  13  46  13  42 
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The  crystals  were  exceptionally  fresh  and  pure,  and  showed 
no  trace  of  serpentinization.  Some  pure  transparent  pieces 
were  selected  for  analysis  by  hand  picking,  while  crystals  hav- 
ing gangue  attached  to  them  were  pulverized  and  separated 
by  the  heavy  solution,  the  powder  that  was  used  in  the  analy- 
sis varying  in  specific  gravity  from  3*204:  to  3*23 1. 

Chondrodite  from  Kafvelto7*p^  Sweden, — The  material  for 
our  investigation  was  obtained  from  a  specimen  in  the  Brush 
collection.  Catalogue  No.  2040.  The  crystals  have  a  yellowish 
brown  color,  are  imbedded  in  sulphides,  and 
their  habit  as  well  as  this  unusual  association 
jree  exactly  with  the  description  given  by 

J*  Sjogren  ;*  the  accompanying  minerals 
being  chiefly  galena  and  sphalerite  with  a 
little  chalcopyrite  and  amphibole.  Only 
fragmentary  crystals  could  be  separated  from 
the  gangue,  and  the  forms  developed  on  one 
of  these  is  shown  in  fig.  2,  which  is  a  pro- 
jection upon  OlO.  Some  of  the  measured 
and  calculated  angles  are : 


2. 


Measnred. 
c  ^r,,  001a  125  =  53°6K 
ra^r*,  125^121  =  27    38 
r4^r3,  121  A  123  =  31    45 


Calcnlsted. 
54°  10' 
27    37 
31    39 


Measured.  Calculated. 

h   ^r4,  010  A  121  =  26°  2y   25°  58' 
c  A  Wa,  001  A  111  =  77  3    76  50 
naA-Tia,  111  a11I  =  26  18    26  40 


The  material  for  analysis  was  separated  by  the  heavy  solu- 
tion and  varied  in  specific  gravity  from  3*252  to  3*265. 

Chondrodite  from  Mte.  Somma^  Italy. — Our  material  was 
selected  from  a  specimen  in  the 
Brush  collection.  Cat.  No.  2063, 
which  had  been  presented  to 
Prof.  Brush  by  Prof.  A.  Scacclii. 
The  associated  minerals  constitut- 
ing the  gangue  are  calcite  and 
biotite  (meroxene).  The  crystals 
are  honey-yellow  in  color,  trans- 
parent and  present  the  forms  shown  in  the  basal  projection, 
flg.  3,  the  measured  angles  being  : 


3. 

ex 


Measured. 

Calculated. 

Measured. 

Calculated. 

C  A  £a) 

001  A  101  =70°  52' 

70°  56i' 

C  A  7*2, 

001  A  125  =  54°  13' 

54°  10' 

c  A  — Caj 

001  A  101  =  70   48 

70    66J 

C   aTi, 

001  A  127  =44    35 

44  41 

C  A       Ci, 

001  A  103  =  44     1 

43    59 

C   aTs, 

001  A  123  =  66    24 

66  34 

c  A  -ei, 

001  A  103  =  43  52 

43    59 

C     A  W, 

001  A  113  =  54    45 

54   56 

C  A  ea, 

001  A  105  =  29   55 

30     4 

c  A  — n, 

001  A  113  =  54  54 

54  56 

C  A   il, 

001  A  012  =  57    24 

57  33 

C    aW^, 

00!  A  111  =  76  38 

76    60 

• 

C  ys  toj 

001  A  014  =  38     4 

38   lOi 

C   A  — Wai 

001  A  111  =  76  46 

76   50 

♦Zeitschr.  Kryst.,  vii,  p.  113,  1883. 
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The  crystal  that  was  measured  was  probably  twinned  about 
the  base,  the  twinning  plane  being  situated  somewhat  above 
the  center  which  accounts  for  /•,  being  situated  under  r^  behind, 
and  r,  under  r^  in  front,  which  is  contrary  to  the  usual  arrange- 
ment of  these  planes  in  chondrodite.  All  of  the  crystals  on 
the  specimen  had  exactly  the  same  color  and  general  appear- 
ance and,  although  only  one  was  measured  it  was  assumed  that 
they  all  belonged  to  the  chondrodite  type.  This  is  rendered 
all  the  more  probable  by  the  observations  of  Scacchi*  who 
states  that,  on  a  given  block  from  Mte.  Somma,  usually  only 
one  type  of  humite  occurs.  The  powder  that  was  separated 
by  the  heavy  solution  varied  in  specific  gravity  between  3'194 
and  8-215. 

The  analyses  are  as  follows : 


Warwick^  N. 

Y. 

Specific  gravity  =  3*1 68-3-235. 

I. 

II. 

III.            IV. 

Average. 

Ratio. 

SiO, 

33-85 

33-67 

33-82        33-86 

33-80 

0-563      0-563 

MgO 

55-74 

55-87 

55-78        55-68 

55-70 

•037  f  ^  ^^^ 

FeO 

2-59 

2-64 

2-69 

2  64 

A1,0. 

1-79 

1-87 

1-83 

/ 

F 
H.0 

7-32 
1-43 

7-26 

J -48 

7-32 

7-30 
1-46  :  9= 

= -'z  \  »■» 

102-73 

Oxygen 

equivalent  to  F  = 

=       3-07 

r 

99-66 


Brewster^  N, 

Y, 

Specific  gravity 

—  3-204-3  231. 

I. 

IT. 

III. 

Average. 

Ratio. 

SiO, 

33-66 

33-48 

33-87 

33-67 

•561       0-561 

MgO 

54-68 

64-92 

54-78 

54-79 

-082  f   ^ 

FeO 

5-89 

5-96 

5-99 

5-94 

F 

5-25 

5-38 

5-31 

5-30 

-279  ) 

•294  [  0-5»3 

H.0 

2-60 

2-44 

2-61 

2-55-h9  = 

102-25 

Oxygen  equivalent  to  F  = 

2-23 

100-02 
Pogg.  Ann.,  Brg.  B.,  iii,  p.  181,  1861. 
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Kafveltorp^  Sweden. 
Specific  gravity  =  3-252-3-265. 


L 

II. 

III. 

IV. 

Average. 

Ratio. 

SiO, 

33-36 

33-28 

33-18 

33-52 

33-33 

•556 

MgO 

54-23 

54-37 

54-30 

1-358 

FeO 

6-66 

6-58 

6-62 

-092 

F 

6-74 

6-58 

6-63 

6-43 

6-60 

-347 

H,0 

1-63 

1-72 

1-67-T 

-9=  -186 

0-566 
1-450 

0-533 


102-52 
Oxygen  equivalent  to  F  =      2*76 


99-76 


Specific  gravity 
I. 


Mte.  Sommay  Italy, 
3-194-3-215. 


SiO, 
MgO 
FeO 
F 


H,0 


33-96 

56-37 

3-72 

5-09 

2-92 


II. 

33-78 

56-55 

3-60 

5-21 

2-72 


Average. 

33-87 

56-46 

3-66 

5-15 

2-82- 


9 


Ratio. 
-564 
1-411  ) 
-050  J 
•271  [ 
=  -313  j 


0-564 
1-461 

0-584 


101-96 
Oxygen  equivalent  to  F  =      2-16 


99-80 


In  discussing  the  above  analyses  it  has  been  assumed  that 
FeO  is  isomorphous  with  MgO  and  hydroxyl  vnth  fluorine. 
The  ratios  have  been  collected  together  in  the  following  table : 


SiOa    : 

(MgO  +  FeO)  ! 

(P  +  OH) 

Warwick, 

0-563    : 

1-433       : 

:     0-546  =:  1-96 

:  5  : 

1-90 

Brewster, 

0-561     : 

1-452       : 

.     0-593  =  1-93 

:  6  : 

2-04 

Kafveltorp, 

0-556 

:       1-450       : 

:     0-533  —  1-92 

:  5  : 

1-84 

Mte.  Somma, 

0-564 

:       1-461 

:     0-584  —  1-93 

:  5  : 

1-99 

These  all  approximate  to  SiO, :  EO  :  (F+OH)  =  2:5:2 
which  would  give  for  the  formula  of  chondrodite,  M^5(F.  OH), 
SiaOg  or  an  isomorphous  mixture  of  the  molecules  Mg,(MgF), 
(SiOJ,  and  Mg,(MgOH),(SiOj,.  The  ratio  of  fluorine  to 
hydroxyl,  or  of  these  two  molecules  varies  considerably.  In 
the  Brewster  and  Mte.  Somma  minerals  it  is  nearly  1:1,  in 
Kafveltorp  2 : 1  and  in  Warwick  2^ :  1.  The  specific  gravities 
are  very  close,  varying  only  between  8165  and  3-265  and,  as 
would  be  expected,  increase  with  the  percentage  of  iron. 

For  a  better  comparison  of  the  analyses  with  the  theory  they 
are  given  below  after  recalculating  FeO  as  MgO  and  bringing 
the  total  to  one  hundred  per  cent. 
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Theory  where 
Brewster.  Mte.  Somma.  F:  OH  =1:1. 

SiO, 34-56  34-52  35*29 

MgO 59-69  59-56  68-82 

F 5-44  5-25  5-59 

H/) 2-62  2-88  2-65 

102-31         102-21         102-35 
O.  eq.  toF=     2-31  2-21  2-35 

Theory  where 
Warwick.  Kafveltorp.  F :  OH  =  2 :  1. 

SiO, 34-91  34-42  35*22 

MgO 59-23  69-90  58-71 

F 7-54  6-81  7-44 

H,0 1-51  1-73  1-76 

103-19         102-86         103-13 

0.  eq.  to  F  =     3-19  2-86  3-13 

These  analyses  are  all  slightly  high  in  magnesia  and  corre- 
spondingly low  in  silica  and  (F+OH),  but  on  the  whole  they 
agree  very  well  with  the  theory. 

Previous  analyses  of  chondrodite. — In  discussing  the  analy- 
ses of  other  investigators  it  must  be  borne  in  mind  that  water 
•has  usually  been  disregarded  or  determined  incorrectly.  We 
have  tabulated  below  the  available  analyses  that  have  been 
made  on  material  of  known  crystallographic  character. 

From  Mte,  Somma. 

1.  Rammelsberg.*     Brownish  yellow  crystals.     Mean  of  two 

analyses. 
II.  G.    vom   Rath.      Light   yellow   crystals.     Mean  of  two 
analyses, 

III.  Wingard.     Light   wine   yellow   crystals.      Mean  of  two 

analyses. 

Prom  Kafveltorp^  Sweden. 

IV.  Wingard.     Wine  yellow  crystals.    Mean  of  three  analyses. 
Y.  G.  vom  Rath.     Mean  of  two  analyses. 

VI.  Hj.  Sjogren.f     Brown  crystals. 
VII.  Hj.  Sjogren.     Yellow  crystals. 

IVom  Brewster^  K,  T^ 

Yin.  H awes. J      Garnet  red  crystals.     Measured  and  identified 
by  E.  S.  Dana.     Mean  of  two  analyses. 

*Pogg.  Ann.,  Ixxxvi,  p.  413,  1852. 
fZeitschr.  Kryst.,  vii,  p.  356,  1883. 
X  Trans.  Conn.  Acad.,  hi,  p.  86,  1874. 
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I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

vin. 

Sp.  gr. 

3190 

3-126 

m   »   ■      m 

•>••>« 

M     «»     «    «» 

M     *     *     M 

«  ^  ^  ^ 

3-22 

SiOa 

33-26 

33-92 

33-63 

33-60 

33-66 

33-13 

3401 

3408 

MgO 

67-92 

69-33 

58-13 

53-05 

53-26 

54-71 

6497 

63-44 

FeO 

2-30 

1-71 

3-88 

8-67 

6-82 

4-95 

4-62 

7-22 

P 

6-04 

2-59 

6-20 

5-58 

4-24 

4-99 

4-56 

4-01 

HaO  1-37  1-31  ...  '55  -61      

AlaO,  106  -97  -67  68  -71         -44 

CaO  -74         


FeaO,  -12 



MnO  -75 

MnO  -18 

102-21 
219 

102-33 
2-35 

98-65 
1-78 

99-76 
2-10 

100-29 
1-92 

100-02 
1-58 

9998 

1-24 

9687 
3-12 

97-66 

2-29 

98-37 
2'4S 

100-32       98-52       10221       10233         98-65         99-76       100-29     99-19 
0=F  2-12         1-09  2-19  2-35  1*78  2*10  192       169 


98-20       97-43 
Cal.RiO    2-94         4' 19         1'58  1'24         3' 12  2'29  •        2'45      S'27 


101-14     101-62       101-60       101-22         9999         99-96       100  82  100-77 

With  two  exceptions,  analyses  III  and  IV,  it  will  be  ob- 
served that  after  deducting  the  oxygen  equivalent  to  fluorine 
the  analyses  add  up  to  only  about  96  to  98  per  cent,  and  it  is  be- 
lieved that  this  loss  must  be  due  to  water  which  was  not  deter- 
mined. Taking  the  protoxides,  MgO  and  FeO,  as  a  basis  of 
calculation,  we  have  determined  the  amounts  of  water  which 
should  be  added  to  the  analyses  in  order  to  yield  the  ratio 
RO :  (F+OH)  =  5:2  established  by  us.  These  quantities 
{(Jal.Ii^O)  when  added  give  very  satisfactory  results.  In  all 
of  the  analyses  except  those  of  Wingard,  III  and  IV,  the 
summation  is  nearer  100  per  cent  than  before  and  this  is  espe- 
cially shown  in  the  last  four.  This  method  of  treating  the 
water  is  probably  fairer  than  to  derive  it  from  the  deficiency 
in  the  analyses,  as  by  the  latter  treatment,  all  of  the  errors  of 
analysis  would  be  thrown  upon  this  constituent,  which,  owing 
to  its  low  molecular  weight,  needs  to  be  very  accurately  deter- 
mined to  yield  a  sharp  and  correct  ratio.  The  percentages  of 
SiO,  vary  from  33'13  to  34*08  while  ia  our  analyses  they  run 
from  33*33  to  33*87.  In  the  following  table,  where  the  ratios 
of  SiOj :  RO  are  given,  it  may  be  observed  that  they  approxi- 
mate closely  to  2  : 5  as  required  by  our  formula. 

SiOa :  RO  SiOa :  RO 

I.  -554  :  1*489  =  1*88  :  5  V.  -561  : 1-426  =  1-96  :  5 

II.  •565:1*507=1*88:5  VI.  '552  : 1-447  =  1*91 :  5 

III.  -561 :  1-507  =  1-86  :  5  VII.  -567  :  1-448  =  1-96  :  5 

IV.  -560  :  1-446  =  1*94  :  5  VIII.  -568  :  1-436  =  1*98  :  5 

It  is  very  gratifying  to  be  able  to  show  that  the  formula 
established  by  us  is  thus  substantiated  by  the  analyses  of 
previous  investigators. 
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Humite^  ( Type  I  of  Scacchi,) 

In  the  course  of  the  investigation  we  have  been  able  to 
examine  only  the  huraite  from  Mte.  Somma,  of  which  two 
separate  samples  were  analyzed.  The  material  for  the  first  of 
these  was  obtained  from  a  specimen  purchased  from  Dr.  A.  E. 
Foote  of  Philadelphia.  The  humite  crystals,  which  measure 
from  2-3°*°^  in  diameter,  are  nearly  colorless  and  transparent 
and  are  associated  with  spinel  and  calcite.  Their  habit  corre- 
sponds in  general  to  the  figure  of  vom  Rath*  copied  into  the 
sixth  edition  of  Dana's  Mineralogy,  page  535.  Some  of  the 
measured  angles  are  as  follows : 

Measured.       Calculated.  Measured.     Calculated. 

CaCj,,  OOly.104      =46"  29'       45°  32^'  c^ra,  001  ^  128  =  50°  3H'       50*  30' 

CyvC4,  001  A  102      =63    51         63    52  C/sf,,  001 ..  126  =  68    16  68    16 

CaC»,  OOIaIOI      =76    17  76    13  c  a  la,  001  ^  013  =  56    45  56   44 

c^r,,  001  a1-2-10  =  44     9i       44     8^  c  a  ts,  001  a  Oil  =  76   59  77    12 

The  material  that  was  separated  for  analysis  varied  in  specific 
gravity  from  3-194  to  3*201 

The  material  for  the  second  analysis  was  selected  from  a 
specimen  in  the  Yale  College  cabinet,  Catalogue  No.  4102. 
The  crystals  are  associated  with  calcite  and  biotite.  They  are 
chestnut  brown  in  color,  in  habit  like  the  ones  described  above 
and  were  identified  by  the  following  measurements. 

Measured.  Calculated. 

C/^^„  001/^013  =  65°  44'  55°  44' 

0^2,,  001y>,013=55    49 


(C  (( 


The  specific  gravity  of  the  material  for  analysis  varied  from 
3-183  to  3-225. 


First  Analysis, 

I.  II.  III.  IV.        Average.  Ratio. 

SiO„     36-59         36-63       36*63       36*68       36-63  -6106 


Mg6    56-34        56-43       56-59       5645       56*45  1-411 

FeO       2-33  2-43  2-46  2-30  2*35  -033 


F  3-12  3-06  2-96        3-08 

H3O       2-42  2-48  2-45 


\ 

•162  ) 
-^9=-261  ) 


1-444 


100-96 
Oxygen  equivalent  to  F  1-26 


99-70 
*Pogg.  Ann.^Erg.  B.,  v,  Table  VII,  fig.  1. 


« 
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Second  Analysis, 
I.  II.  Average.  Ratio. 

SiO 36-84  36-63  3674              -612 

MgO 66-21  56-42  66-31  1-408  )       .^^ 

FeO 2-22  2-21  2-22              -029  \  ^       ' 

F 3-89  4-02  3-96              -208/         .. 

H,0 2-18  2-08  2-13-T-9       -236)     *** 

101-36 
Oxygen  equivalent  to  F  =    1*66 

99'70 

These  analyses  differ  from  those  of  chondrodite  in  bein^ 
about  3  per  cent  higher  in  silica  and  also  the  ratios  are  dif- 
ferent as  shown  by  tne  following : 

SiOa  :  (MgO  +  FeO)  :  (F  +  OH) 
Ist  Analysis,    0*6105  :       1-444       :  0-423  =z  2-97  :  7  :  2*05 
2d  Analysis,     0-612    :       1-437       :  0-444  =  2-99  :  7  :  2-16 

These  ratios  approximate  closely  to  3  :  7  :  2,  indicating  that 
the  formula  of  humite  is  Mg.[Mg(F .  OH)],[SiOJ,.  The  ratio 
of  F :  OH  in  the  first  analysis  is  nearly  2 : 3  and  in  the  second 
about  1 : 1.  We  give  beyond  the  theoretical  composition  for 
both  ratios,  together  with  the  analyses  in  which  the  FeO  has 
been  calculated  as  MgO  and  the  total  brought  to  100  per  cent. 

Theory  where  Theory  where 

First  analysis.    F:OH=2:3.    Second  analysis.    F:0H=1:1. 

SiO, 37-15  37-53  37-24  37-50 

MgO 58-56  58-38  58-27  58-34 

F 3-12                3-17  •        4-02  3-96 

H.O .  2-48                2-25-  2*16  187 


a 


101-31  101-33  101-69  101-67 

Oeq.  toF..      1-31  1-33  1-69  1-67 

These  analyses  show  a  very  satisfactory  agreement  with  the 
theory  and  we  may  regard  the  formula  of  humite  as  well 
established. 

Previous  analyses  of  humite. — The  following  analyses  are 
available  for  comparison. 

From  Mte,  Somma. 

I.  Rammelsberg.     Grayish  yellow  crystals. 
II.  G.  vom  Rath.      Light  brown   crystals.      Mean    of   two 
analyses. 

III.  Wingard.     Light  yellow  crystals.     Mean  of  two  analyses. 

IV.  Wingard.     Dark  yellow  crystals. 


* 
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JErom  Ladu  Mine^  Sweden. 

V.  Wingard.     Material  described  as  hot  quite  pure  and  show- 
ing traces  of  serpentinization,  which  accounts  for  the 
high  percentage  of  H,0. 
VI.  Hj.  Sjogren. 

I.  II.  III.                IV.                 V.  VI. 

Sp.gr.....  3216  3-208          

SiOa 34-80  35  49  3^43         35-66         36-26  36-13 

MgO 60  08  64-28  56-29         6286         66-48  66-16 

FeO 2-40  512           3-70           7*31           3-61  3-26 

CaO      -20          MnO     -41 

AlaOa   -76           

P 3-47  2-43           5-63           6-60           472  2-45 

HaO 1-48  1-37  3-07  2-16 

100-75  98-28       102-53       10269       10204  9867 

Oeq.  toF       146  102  237  236  1-98  1-03 

99-29               97-26        100-16      100-33        10006  97-64 

Ca/.HaO       2-29  2'52  'S5 

101-58  99-78  97-89 

It  will  be  observed  that  these  analyses  show  percentages  of 
SiO,  varying  from  34*80-35'55,  agreeing  with  those  made  by 
us  in  being  higher  than  the  corresponding  percentages  in 
chondrodite.  The  calculated  water  represents  the  amount  re- 
quired to  yield  the  ratio  of  HO:  (F+OH)  =  7  :  2.  When 
added  to  analysis  II  it  makes  the  summation  very  satisfactory 
but  causes  I  to  overrun.  In  the  analyses  of  Wingard  there 
are  already  sufficient  quantities  of  F  and  H^O  to  give  the  re- 
quired ratio.  Sjogren's  analysis  is  evidently  too  low.  The 
ratios  are  as  follows : 

SiOa  :      RO    :  (F  +  OH) 

I.     0-580  :  1-535  :     z=:  2-65  :  7  : 

II.     0-592:1-428:     =  2-90:7: 

III.  0-591  :  1-458  :  0*460  =  2-84  :  7  :   2-21 

IV.  0-593  :  1-422  :  0-447  =  2-92  :  7  :   2-20 
V.     0-588  :  1-436  :  0-589  =  2-87  :  7  :  (2-8  ?) 

VI.     0-586  :  1-430  :  0-369  =  2-87  :  7  :  1-8 

These  ratios  of  SiO, :  RO  approximate  closely  to  3 : 7  as 
required  by  our  formula  and  in  analyses  III,  IV  and  VI  the 
(F+OH)  is  not  far  from  the  correct  ratio  which  should  be 
RO  :(F  +  OB[)  =  7:  2.  Thus  our  formula  for  humite  is  also 
substantiated  by  the  analyses  of  other  investigators. 

Clinohumite^  {Humite  Type  III  of  Scacchi,) 

Of  this  rare  mineral  we  have  been  able  to  examine  two 
specimens  from  Mte.  Somma.  For  the  first  analysis  the  mate- 
rial was  derived  from  a  specimen  in  the  Brush  collection,  cata- 


Measared. 

Calculated. 

C  /\  64, 

001  A  101  =  79°  12' 

79°  Hi' 

C^^Cs, 

001  .^103  =  60    13 

60    12 

C^  Ca, 

001^105  =  46    24 

46    20 

Cyv  Ci, 

001  A  107  =  36   49 

36   48i 

C/^  -€l, 

,  001  A  107  —  36   49 

36   48i 

C  ^  t'a. 

001  A  014  =  54   43 

54   45 

c  /v  ii, 

001a016  — 43    19 

43    19i 
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logue  No.  2064,  which  had  been  presented  by  W.  Sartorius 
von  Waltershausen.  The  crystals  are  light  wine  yellow,  trans- 
parent and  in  habit  like  the  simple  crystals  figured  by  vom 
Kath.*  The  associated  minerals  are,  forsterite,  biotite,  spinel, 
calcite  and  a  little  vesuvianite.  The  measurements  that  served 
for  the  identification  of  the  mineral  are  as  follows  : 

Measured.   Calculated, 
c  A  r»,  001  A    T27    =  60°  42'       60°  42' 

CAr,,   001  aI-211=48    35  48  35 

CAn,   001  aI-215=39    46  39  44^ 

CAra,  001  A  1-213=  43   49  43    49 

CAr4,  001  A    129  =54    10  54    11 

c^Wa,  001a    115  =  57     2  57    2^ 

The  specific  gravity,  when  taken  with  the  heavy  solution, 
varied  between  3*184:  and  3*222  and  this  being  almost  identi- 
cal with  that  of  forsterite  the  yellow  clinohumite  crystals  had 
to  be  separated  from  the  colorless  forsterite  by  hand  picking. 
The  specimen  only  afforded  0*3879  grams  of  the  mineral  and 
the  analysis  was  made  on  this  small  portion  by  fusing  the 
whole  with  dry  sodium  carbonate  in  the  Gooch  crucible  to 
obtain  the  water,  soaking  out  the  fusion  and  carrying  on  the 
analysis  in  the  usual  way.  In  the  course  of  the  analysis  a  most 
unusual  accident  occurred.  The  platinum  crucible  in  which 
the  fusion  was  made  broke,  and  it  was  not  discovered  till,  on 
soaking  out  the  fusion,  it  was  found  to  leak.  The  break  was 
of  such  a  nature  that  the  water  determination  was  not  lost  and 
the  mechanical  loss,  caused  by  the  leaking,  was  slight  and,  in 
all  probability,  evenly  distributed  on  the  remaining  constit- 
uents. It  is  assumed  that  the  deficiency  of  the  analysis, 
amounting  to  about  2  per  cent,  was  caused  by  this  accident,  as 
otherwise  the  analysis  was  carried  on  with  more  than  usual 
care.  The  analysis  is  given  beyond  under  a  as  it  stands  in  the 
note  book  and  under  b  after  distributing  the  deficiency  of  2*28 
per  cent  among  all  of  the  constituents  except  water. 

The  material  for  the  second  analysis  was  derived  from  a 
specimen  in  the  Tale  College  cabinet,  catalogue  No.  4143. 
The  crystals  are  chestnut  brown  in  color  and  are  associated 
with  forsterite,  biotite,  vesuvianite  and  a  little  calcite.  Their 
identity  as  clinohumite  is  shown  by  the  following  measure- 
ments. 

Measured.       Calculated.  Measured.   Calculated. 

c  a  la,     OOl  ^014   =  54°  40'        54°  45' 
CaTs,    001a1-2-11=48    28        48    35 

cxrfi.  001a  l27  =60  41  60  42 
CA-7ia,00lA  Il5  =57  2  57  2^ 
CA-W4,  OOl/s    111  =82    49         82    37 

*Pogg.  Ann.,  Erg.  B.  v,  Tables  VI,  figs.  1  and  7  and  VII,  fig.  10.      Sixth 
edition  of  Dana's  Mineralogy,  page  538. 


C  A-€i, 

001  A  107  =  36° 

45' 

36°  48^' 

CaCj^ 

001  A  109  =  30 

00 

30    12 

C  ^  6<|, 

001  A  105  =46 

19 

46    20 

C  A  C3, 

001  A  103  =  60 

12 

60-  12 

Ca€4, 

001  A  101  =79 

9 

79    lli 

CaI,, 

001  A  016  =  43 

19 

43    19i 
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The  material  for  the  analysis  had  to  be  selected  by  hand 
picking  and,  when  introduced  into  the  heavy  solution,  showed 
a  specific  gravity  between  the  limits  3*219  and  3-258.  The 
analyses  are  as  follows  : 

First  Analysis, 

a.  b.                                           Ratio. 

SiO, 37-15  38-03                -634                        4*02 

MgO 62-74  64-00              1-350  )          . 

FeO 4-72  4-83               -067  ^  *^^          ^  "^ 

F 2-01  2-06                -108  1 

H,0 1-94  l-94-r-9=    -215  [     "^"^          ^  "^ 

98-56         100-86 
O  eq.  to  F  =      -84  -86 


97-72         100-00 

Second  Analysis, 


Ratio. 

SiO    37-78  -629  4-03 

MgO - 53-05  1-326  ),   .^.  ^  ^^ 

FeO 5-64  -078  r'^^*         ^'^^ 

F : 3-58  -188 


\- 


H,0 1-33-4-9  =   -148  '^    '^^^  ^'^^ 

101-38 
O  eq.  to  F=  1-50 

99-88 

In  both  of  these  analyses  the  ratios  of  SiO, :  RO :  (F+OH) 
approximate  closely  to  4:9:2  corresponding  to  the  formula 
Mg,[Mg(FOH)]/SiO,),.  In  the  first  analysis,  the  ratio  of 
F :  OH  =1:2  and  in  the  second  it  is  about  1 : 1.  Below  we 
have  given  the  analyses  after  calculating  FeO  as  MgO  and 
bringing  them  to  100  per  cent  and,  for  comparison,  the  theo- 
retical composition  according  to  the  above  formula  with 
F :  OH  =  1:2  and  1 : 1  respectively. 

Theory  where  Theory  where 

First  analysis.     P :  OH  =  1:  2.    Second  analysis.     F :  OH  =  1 : 1. 

SiO, 38-87  38-75  38*81  38-77 

MgO 57-94  5812  57-64  58-16 

F 2-10  2-05  3-68  3-07 

H,0 1-98  1-94  1-37  1*29 

100-89     100-86      101-50       101-29 
O  eq.  to  F  .    -89       -86       1-60        1-29 
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The  agreement  of  the  above  analyses  with  the  theory  is 
JIT  satisfactory. 

Previous  analyses  of  Clinohximite. — The  following  analy- 
8  are  available  for  comparison,  all  made  on  mineral  from 
:te.  Somma. 

I.  Rammelsberg.     Yellowish  white  crystals.      Mean   of  three 

analyses. 
I.  Rammelsberg.      One   of    the   above  analyses   showing   the 

highest  SiO,  and  MgO. 
I.  G.  vom  Rath.      Orange   yellow  crystals.      Mean    of    two 

analyses. 
^  Wingard.     Grayish  to  yellowish  brown  crystals.     Mean  of 

two  analyses. 

I.               11.                    in.  IV. 

SiO    36-6'7          37-23  3«-75  33*30 

MgO 66-83          67-78  6488  61-53 

FeO 1-67            1-57                    6*48  9*71 

A1,0,       -24     Fe,0,     -69 

F 2-62            2-33                      2-30  5-67 

H,0 1-41 

97-79  98-91  99-66  102-51 

O  eq.  to  F..      1-10  -98  -97  2-38 

96-69         97-93  98-68  100-13 

Cal.H^O,.       l'6i         1-83  1-81  103 

98-33        99-76  100-49  101-16 

In  the  first  three  analyses  the  calculated  water  represents  the 
lantity  necessary  to  yield  the  ratio  RO  :  (F+OH)  =  9:  2, 
id  as  in  previous  instances  it  makes  the  analyses  add  up  much 
jarer  100  per  cent  than  before.     The  ratios  are  as  follows  : 

SiOa  :  RO 

I.     -611  :  1-444  =  3-80  :  9 

TI.     -621  :  1-466  =  3-81  :  9 

III.     -613  :  1-448  =  3-81  :  9 

These  approximate  to  4 :  9  and  thus  substantiate  in  a  satis- 
ctory  manner  our  formula  for  clinohumite. 
The  results  of  Wingard,  analysis  IV,  differ  from  those  of 
her  investigators.  No  proof  is  given  that  the  material  which 
J  analyzed  is  clinohumite  except  that  it  was  obtained  from 
rof.  Scacchi,  and  there  has  undoubtedly  been  some  mistake 
r  his  analysis  yields  a  ratio  of  SiO, :  RO  =  1-95  :  5,  which  is 
iry  close  to  2  : 5  as  required  by  our  formula  for  chondrodite. 
le  fluorine  and  water  are  low,  as  in  his  other  chondrodite 
alyses  and  the  calculated  water  that  we  have  added  is  that 
quired  to  complete  the  ratio  SiO, :  RO  :  (F+OH)  =  2:5:2. 
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Conclusions. — In  the  preceding  pages  we  have  shown  that 
the  minerals  of  the  humite  group  are  not  identical  with  each 
other  in  chemical  composition  and  that  they  can  be  expressed 
by  the  following  formulae,  constructed  on  two,  three  and  fonr 
molecules  of  ortho  silicic  acid,  in  which  two  hydrogen  atoms 
are  replaced  by  the  univalent  radical  [Mg(F .  OH)]  and  the  re- 
maining ones  by  magnesium : 


Chondrodite Mg, 

Humite Mg^ 

Clinohumite   Mg, 


Mg(F .  OH) 
■Mg(F.OH) 
Mg(F.OH) 


.^SiO,,, 

''SiO^* 

auSiO,, 


These  form  a  chemical  series,  varying  progressively  from 
chondrodite  to  clinohumite  by  an  increase  of  one  molecule  of 
MgjSiO^.  This  variation  in  cnemical  composition  is  intimately 
connected  with  the  crystallization.  Thus  on  page  188  it  was 
mentioned  that  the  three  minerals  form  a  crystallographic 
series  in  which  the  vertical  axes  increase  from  chondrodite  to 
clinohumite.  It  was  also  shown  that  by  dividing  the  vertical 
axes  by  5,  7  and  9  respectively  the  quotients  become  practi- 
cally identical  and  it  is  a  very  interesting  and  remarkable  fact 
that  these  divisors  5,  7  and  9  correspond  to  the  number  of 
magnesium  atoms  in  the  formulae  deduced  by  us.  Groth*  has 
shown  that  in  certain  organic  compounds  the  substitution  of 
one  hydrogen  atom  by  another  atom  or  radical  causes  a  change 
in  one  of  the  crystallographic  axes,  the  other  two  and  the  sym- 
metry remaining  essentially  unchanged.  Such  a  crystallo- 
graphic series  he  calls  a  "  Morphotropische  Reihe."  In  the 
humite  group  we  evidently  have  a  kind  of  morphotropic  series, 
but  not  exactly  analogous  to  that  cited  by  Groth  as  in  the 
present  case  we  have  a  change  brought  about  by  the  addition 
of  a  molecule  of  Mg^SiO^,  instead  of  the  substitution  of  a 
radical.  This  addition  of  Mg^SiO^  causes  the  vertical  axis  to 
increase  by  about  1*2575,  or  \  of  the  vertical  axis  of  clino- 
humite, while  the  other  two  axes  and  the  inclination  ^  remain 
the  same.  The  symmetry,  however,  changes  so  that  the  first 
and  last  members  of  the  series  are  monoclinic.  In  the  whole 
range  of  chemical  crystallography  there  is  no  series  of  com- 

Eounds  known  to  the  authors  that  can  be  compared  to  the 
umite  group.  It  is  reasonable  to  expect  that  other  members 
of  this  series  will  be  found.  Thus  Mg[Mg(F.  OH)],SiO, is 
a  possible  and  a  most  likely  compound  to  occur.  This  should 
crystallize  either  orthorhombic  or  monoclinic  with  ^  =  90° 
and  should  have  the  axial  ratio  a :  J :  c  =  1-086 : 1 :  1*887.  The 
member  next  beyond  clinohumite  would  be  Mg,[Mg(F .  OTS)\ 
[SiOJj  but,  owing  to  its  more  complicated  composition,  it 
would  seem  less  apt  to  occur.     Chrysolite,  Mg,SiO^,  is  closeljf 

♦Monatsber.  Berlin  Akad.,  1870,  p.  247. 
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related  to  the  members  of  this  group  and,  as  shown  by  vom 
llath,*  a  few  of  its  forms  are  almost  identical  with  those  of 
humite.  Their  relation  is  shown  on  page  188  where  the  axial 
ratio  h:2a:c  oi  chrysolite  is  similar  to  a:b\G  oi  clinohumite. 
As  chrysolite  contains  no  fluorine  or  hydroxyl  it  deviates  con- 
siderably in  its  chemical  type  from  the  members  of  the 
humite  group  and  its  crystalline  habit  is  also  different,  as  the 
majority  of  its  common  forms  do  not  correspond  to  any  of  the 
forms  of  humite.  Of  the  three  species  constituting  the 
humite  group  chondrodite  has  the  simplest  composition  and  is 
the  most  common,  clinohumite  has  the  most  complicated  com- 
position and  is  the  rarest,  while  humite  occupies  an  interme- 
diate position.  At  Mte.  Somma  chondrodite,  which  is  the 
most  basic,  occurs  usually  with  calcite,  while  clinohumite, 
which  is  the  most  acid,  is  usually  associated  with  the  silicate 
forsterite. 

Of  the  formulae  proposed  by  other  investigators  that  sug- 
gested by  Rammelsberg  and  vom  Rath,  Mg^SijO^,  is  similar  to 
the  one  deduced  by  us  for  chondrodite.  They  considered  that 
part  of  the  oxygen  was  replaced  by  fluorine,  while  we  have 
shown  that  one  atom  of  oxygen  is  replaced  by  the  isomorphous 
fluorine  and  hydroxyl.  The  formula  proposed  by  Wingard, 
Mg..[MgF],[Mg(OH)],[SiO,].  or  Mg,.(F .  OH).(SiO,).,  is  not 
very  different  from  ours  for  humite,  it  being  equal  to  three 
times  the  latter,  Mg^iF .  OH)^(SiOJ.,  less  Mg^SiO^.  Wingard 
derived  his  formula  irom  the  analysis  of  humite  given  below 
which,  like  the  accompanying  analyses  of  chondrodite,  have 
been  changed  from,  their  original  shape  only  by  recalculating 
FeO  as  MgO  and  bringing  the  total  to  100  per  cent.  His 
humite  analysis,  naturally,  agrees  very  well  with  his  theory, 
but  it  also  agrees  quite  well  with  the  author's,  while  his  chon- 
drodite analyses  agree  very  indifferently  with  his  theory. 

Humite.  Chondrodite. 

Author's  theory  for      Wingard's  theory.     Anal.  IV,         Anal.  Ill,      Anal.  IV, 
humite  F:  0H=2:1.         P:0H  =  2:1.        p.  200.  p.  197.  p.  197. 

SiO, 37-45  36-8'7  36*63  34-21  35-01 

MgO 68-25  58-38  58*62  61-33  6029 

F 5-27  5-84  5-77  5-29  5-81 

HjO 1-25  1-37  1-41  1-40  1-36 

102-22  102-46  102-43  102-23  102-47 

Oeq.  toF--    2-22  2-46  2-43  2-23  2*47 

Our  formulse  for  the  different  members  of  the  series  do  not 
agree  in  any  single  instance  with  those  proposed  by  Sjogren, 
and  yet  his  formulae  for  the  two  upper  members,  humite  and 
clinohumite,  are  identical  with  ours  for  chondrodite  and 
humite  respectively,  as  shown  by  the  following : 

*Pogg.  Ann.  Erganz.,  Band  V,  p.  412,  1871. 
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Chondrodite  Mj?  rMg(F.OH)], 
Humite  Mg.[Mg(F .  OFI)J 

Clinohumite  Mg,[Mg(F. OH)" 


SiO,, 
SiO., 
SiO 


MgJMg(K.OH)l,[SiO 


Mg.rMg(F.OH) 


Mg.[Mg(F.OH)],[SiOj 


k: 


Sjogren  was  correct  in  assuming  that  hydroxy!  is  present  in 
the  minerals  and  that  it  is  isomorphous  with  fluorine,  but  he 
failed  to  obtain  the  correct  formulae  because  he  made  direct 
comparisons  of  the  silica  percentages  calculated  from  his 
formulae,  with  the  actual  figures  yielded  by  the  older  analyses 
which  are  somewhat  low,  while  he  neglected  to  take  into  con- 
sideration the  fact  that  magnesia  is  partly  replaced  by  ferrous 
oxide,  which  from  its  higher  molecular  weight  still  further 
lowers  the  percentage  of  silica.  Thus  it  happens  that,  without 
making  any  correction  for  ferrous  iron,  the  actual  determina- 
tions of  silica  in  the  older  analyses  of  humite  and  clinohumite 
agree  very  well  with  the  formulae  proposed  by  him.  To 
account  for  chondrodite,  the  most  basic  member  of  the  series, 
Sjogren  adopted  a  formula  containing  the  Mg(F  .  OH)  group 
four  times.  If  in  this  F:0B[  =  1:1  then  the  calculated 
silica,  38'33  per  cent,  agrees  very  well  the  average  found  in 
the  older  analyses,  which  is  about  33  5,  but  this  should  be 
nearly  35*0  when  FeO  is  calculated  to  its  equivalent  of  MgO 
and  the  analyses  are  brought  to  100.  Also  the  calculated  per- 
centages of  F(7-04)  and  1120(3-33),  taken  together,  are  far  in 
excess  of  anything  observed  in  chondrodite.  In  the  authors' 
formula  the  ratio  of  EO  :  (F+0II)=5  : 2  while  in  Sjogren's  it 
is  5 :  2*5. 

That  fluorine  is  isomorphous  with  hydroxyl,  or  plays  the 
same  part  in  a  molecule,  seems  too  well  established  to  need 
special  comment.  The  results  of  our  analyses  indicate  clearly 
that  in  the  minerals  of  this  group  this  isomorphism  exists  and 
if  we  abandon  the  idea  a  satisfactory  explanation  of  their 
composition  cannot  be  given.  The  theory  that  fluorine  can 
replace  oxygen,  which  formerly  was  bo  frequently  advanced, 
is  similar  to  our  present  idea  that  fluorine  and  hydroxyl  are 
isomorphous,  and  the  latter  would  seem  to  be  the  more  natural 
for  both  fluorine  and  hydroxyl  are  univalent,  the  one  having 
an  atomic  weight  of  19  and  the  other  a  molecular  weight  of  17. 

The  formulae  thus  proposed  as  the  result  of  this  investiga- 
tion are  simple  and  rational,  they  agree  in  a  very  satisfactory 
manner  with  the  results  of  our  analyses  as  well  as  with  those 
of  others  and  they  constitute  an  extremely  interesting  chem- 
ical series,  which  is  related  in  a  remarkable  manner  to  the 
crystallization  of  these  minerals. 

Laboratory  of  Mineralogy  and  Petrography, 

Slieffield  Scientific  School,  December,  1893. 
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Art.   XIX. — Deformation  of  the  Lundy  Beach  and  Birth 

of  Lake  Erie ;  by  J.  W.  Spencer. 

ConiefnU. — A  sequel  to  the  Birth  of  Lake  Ontario  and  Birth  of  Lake  Huron  ; 
Epeirogenic  elevation  and  dismemberment  of  Warren  water :  Formation  of  Lundy 
Lake  and  its  Beach;  Lundy  Lake  did  not  receive  the  waters  from  the  Huron 
basin :  Desertion  of  the  Lundy  shore,  with  the  formation  of  Lake  Erie  and 
Niagara  River ;  Deformation  of  the  Lundy  shore  and  the  flooding  of  the  head  of 
the  Erie  basin;  Warping  northeast  of  the  Huron  basin,  and  its  drainage  turned 
into  the  Erie  valley;  Estimated  rate  of  terrestrial  warping;  The  future  outlet  of 
Lake  Erie. 

The  history  of  Lake  Erie  is  a  natural  sequel  to  the  Birth  of 
Lake  Ontario*  and  the  Birth  of  Lake  IIuron,f  which  have 
already  appeared  in  this  Journal.  Deserted  strands  about 
Lake  Erie  have  also  been  made  known,:]:  but  all  of  them  ex- 
tended beyond  the  Erie  basin,  and  formerly  embraced  the 
greatest  oi  the  inland  sheets — the  Warren  water — which  prob- 
ably covered  200,000  square  miles,  or  more  than  the  entire 
area  of  the  modern  lakes.  The  last  of  the  deserted  shores  of 
that  body  of  water  was  the  Forest  beach  (see  map).  The 
subsequent  rise  of  land  or  subsidence  of  the  waters  has  been 
intermittent  with  episodes  of  rest  long  enough  for  the  waves 
to  carve  out  broad  terraces  or  build  up  heavy  beaches.  Still, 
the  instability  of  the  waters  is  marked  by  the  greater  beaches 
being  composed  of  a  series  of  beach  lets  rather  than  one  indi- 
vidual mass.  The  series  is  remarkably  persistent,  although 
there  may  be  imperfect  development  of  the  component  parts. 
Between  the  different  sets  of  deserted  shores,  there  are  often 
only  traces  of  the  receding  water-levels. 

fn  the  survey  of  the  Forest  beach,  fragments  of  old  coast 
lines  were  observed  below  that  level,  and  these  have  recently 
been  found  to  form  part  of  a  great  Erie  shore,  in  age  syn- 
chronous with  the  Algonquin  beach  of  the  higher  lakes.  This 
Erie  beach,  first  described  here,  may  appropriately  be  called 
the  Lundy  shore,  after  the  spit  near  Niagara  Falls,  which  has 
long  been  used  as  a  ridge  road,  and  known  as  Lundy  Lane, 
and  where  the  interpretation  of  the  strand  was  discovered. 
The  Algonquin  and  Lundy  Lakes  were  the  successors  of  the 
Warren  water  after  its  dismemberment  by  the  level  falling 
below  that  of  Forest  beach. 

*  **  Deformation  of  the  Iroquois  Beach  and  Birth  of  Lake  Ontario."  This 
Journal,  vol.  zl,  p.  443,  1890. 

I  *' Deformation  of  the  Algonquin  Beach  and  Birth  of  Lake  Huron."  The 
same,  voL  xli,  p.  12,  1891. 

\  **  High-level  Shores  in  the  Region  of  the  Great  Lakes  and  their  Deformation.*' 
The  same,  voL  xli,  p.  201 — all  by  J.  W.  Spencer. 
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Between  Font-bill  and  Ebenezer  (see  map)  there  was  an 
extension  of  the  Erie  waters  into  the  Ontario  basin  through  a 
Btrait,  if  such  it  can  be  called,  as  it  was  over  thirty  miles 
across,     The  country  in  the  Niagara  district  is  a  plain  from 


Fig.  1. — Map  of  Lundy  Bhore,  enelosintt  Lundy  Lake.  A,  infant  Lake  Erie. 
N,  mouth  of  Niagara  River.  F,  Magara  Falls.  L,  Lund;  beach  near  the  PiUt. 
J,  Johnson's  riAga.     Elevations  refer  to  sea-level. 

10  to  15  feet  above  Erie  Lake.  It  is  rendered  somewhat 
undulating  by  a  few  ridges  of  drift  rarely  rising  30  feet  higher. 
A  rocky  ridge  of  20  or  30  feet^ahove  tbe  lake  is  parallel  with 
the  shores  of  Erie,  a  mile  or  two  to  the  north  of  its  outlet 
But  the  most  notable  ridge  culminated  in  Druramondville, 
near  the  falls,  at  144  feet  above  the  lake  level.  This  is  a  small 
knob  at  tbe  end  of  a  long  spit  which  is  the  historic  Lnndy 
Lane.     The  surface  of  this  strand  is  30  feet  below  the  knob 

t'ust  noticed.  This  ridge  formed  a  spit  which  was  the  firet 
arrier  that  appeared  between  the  Erio  and  Ontario  basins, 
and  here  the  watei-s  last  lingered  before  they  subsided  within 
the  lower  basin.  The  knob  at  Drummondville  is  not  an  nndn- 
lation  of  the  Lundy  shore,  although  it  is  made  np  of  beach- 
material,  but  belonged  to  a  higher  level.  Whether  afragmenl: 
of  an  older  strand  or  not,  still  equivalent  remains  of  deserted 
water-lines  are  found  at  Font-hill,  Akron  and  elsewhere. 

The  crest  of  the  Lundy  beach  is  from  100  to  200  feet  wide 
and  forms  a  conspicuous  sand  and  gravel  ridge  of  more  th»n 
double  this  width  at  the  base,  to  which  it  dopes — 20  or  30 
feet  below,  and  bounds  an  extensive  plain  on  both  aides,  as  it 
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constituted  a  spit  between  the  Erie  and  Ontario  basins,  which 
were  connected  by  a  broad  sheet  of  open  water.  After 
extending  westward  from  the  Niagara  River  for  two  or  three 
miles,  the  Lundy  beach  is  interrupted  by  a  low  plain,  but  again 
the  strand  skirts  Font-hill  (which  rises  about  300  feet  above 
Lake  Erie)  and  trends  southwestward.  On  the  southeastern 
side  of  the  strait,  the  beach  is  equally  characteristic,  near 
Ebenezer.  It  has  been  traced  to  Akron  or  about  five  miles 
due  north  of  Crittenden,  where  the  Forest  beach  was  surveyed 
several  years  ago  by  Mr.  Gilbert. 

At  Ebenezer,  the  Lundy  beach  has  an  altitude  of  660  feet 
(bar.)  above  tide  (Lake  Erie  being  573  feet);  at  Lundy  Lane 
the  elevation  is  687  feet  (and  the  older  knob  30  feet  higher) ; 
at  Font-hill  it  is  675  feet  (bar.);  at  Akron,  the  upper  ridgelet 
is  735  feet  (bar.)  or  equivalent  to  the  lower  at  705  feet.  Frag- 
ments of  beaches  and  terraces  have  been  made  known  about 
the  head  of  Lake  Ontario  and  also  about  the  Erie  basin,  but 
they  have  not  been  previously  correlated  with  the  Lundy 
shore.  The  Lundy  strand  is  between  140  and  155  feet  below 
the  plain  of  the  lorest  beach,  and  it  is  usually  from  two  to 
five  miles  lakeward  of  it.  Between  the  different  strands  of 
Warren  water,  there  is  a  slight  deformation  of  the  deserted 
shores  owing  to  the  unequal  terrestrial  movement.  A  some- 
what greater  amount  of  warping  is  recorded  between  the 
Forest  and  the  Lundy  beeches  but  the  greatest  amount  of 
deformation  was  after  the  dismemberment  of  Lundy  Lake. 
West  of  Cleveland,  very  little  deformation  of  the  old  water- 
lines  has  occurred.  From  the  relation  with  the  Forest  beach, 
the  extension  of  Lundy  Lake  towards  the  west  can  be  approxi- 
mately delimited.  The  lake  reached  to  Point  Pel6e  and  the 
islands  opposite.  The  eastern  extension  beyond  Akron  has 
not  been  surveyed.  But  enough  is  known  to  mark  the  bound- 
ary in  the  Erie  basin  ;  and  here  we  find  the  counterpart  of  the 
Algonquin  beach,  of  the  basins  of  the  upper  lakes,  whose 
water  plain  was  at  substantially  the  same  levels  as  the  Lundy, 
or  about  150  feet  below  that  oi  the  Forest  beach.  The  Lundy 
water  gives  us  the  history  of  the  lake  basin  between  the 
Warren  episode  and  the  nativity  of  Lake  Erie. 

After  tne  Lundy  rest,  the  waters  were  gradually  drained  to 
lower  levels,  until  they  were  held  in  the  Erie  basin  by  a  De- 
vonian limestone  escarpment,  rising  20  or  30  feet  above  the 
present  outlet  of  Erie.  The  remains  of  another  rocky  bar- 
rier, of  40  feet,  now  occurs  over  a  mile  north  of  the  present 
site  of  Niagara  Falls.  The  country  between  these  ridges  is 
low,  so  that  there  were  pond-like  expansions  of  the  Niagara 
until  a  recent  date,  when  the  falls  cut  through  this  William 

Am.  Jour.  Soi. — ^Thikd  Series,  Vol.  XL VII,  No.  279. — March,  1894. 
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Johnson*  ridge.  Below  this  ridge,  for  six  miles  to  the  brow 
of  the  escarpment,  the  Niagara  River,  drained  the  Erie  waters ; 
and  boats  might  have  sailed  from  lake  to  lake.  The  waters  in 
the  Ontario  basin  did  not  pause  long  at  this  high  level,  but 
gradually  sank  to  the  Iroquois  plain  300  feet  below  the  plain 
of  Lundy  beach.  The  Iroquois  beach  marks  a  long  rest  during 
which  the  early  Niagara  cascaded  only  200  feet  from  the  upper 
to  the  lower  lake,  and  Erie  formed  only  the  lakelet  as  shown 
on  the  map. 

Upon  the  dismemberment  of  Warren  water,  the  Algonquin 
basin  emptied  its  waters,  at  first  through  a  strait  hy  way  of 
Lake  Nipissing,  and  later  by  a  river  in  the  same  region  into 
the  Ottawa  valley.  There  was  no  connection  between  the 
Huron  basin  and  the  Erie  until  after  the  terrestrial  deforma- 
tion following  the  Iroquois  episode.  Then  the  Huron  waters 
overflowed  the  southern  rim  of  its  basin  and  emptied  into  the 
youthful  Lake  Erie.  The  outlet  of  the  Erie  basin  was  also 
raised  so  that  the  plains  at  the  head  of  its  basin  were  flooded. 
This  tilting  has  continued  until  the  beach  in  the  vicinity  of 
the  falls  is  now  raised  about  160  feet  above  its  submerged  ex- 
tension near  Point  Pel^e.  Of  this  amount  of  tilting,  only  46 
feet  have  contributed  to  the  ponding  back  of  the  waters  so 
that  the  lake  now  extends  to  Toledo.  The  deformation  of  the 
Lundy  beach  in  the  Niagara  district  amounts  to  2'5  feet  per 
mile  in  direction  N.  10°-15°  E.  More  detailed  measurementsf 
may  possibly  show  that  the  warping  may  reach  nearly  3  feet 
per  mile.  The  deformation  of  the  Iroquois  beach,  which  is 
newer  than  the  Lundv  strand,  amounts  to  somewhat  more  than 
2  feet  per  mile  north  of  the  mouth  of  the  Niagara. 

Had  the  falls  receded  past  the  Johnson  ridge  before  the 
deformation  of  the  region  had  reached  the  present  amount, 
the  Erie  drainage  would  have  been  turned  into  the  Mississippi 
at  Chicago,  just  as  the  warping  has  changed  the  direction  of 
the  outlet  of  Lake  Huron  from  the  Ottawa  to  the  St.  Olair 
Eiver.  This  brings  us  to  the  first  possible  computation  of  the 
rate  of  terrestrial  deformation  of  the  old  shore  of  the  lake 
region. 

A  rise  of  7  feet  in  the  level  of  Lake  Michigan  would  send 
the  waters  of  that  lake  over  the  rocky  divide  to  the  Mississippi. 
A  rise  of  16  feet  in  the  Erie  level  would  eflFect  the  same  result; 
but  the  silt  covering  this  rocky  floor  rises  3  or  6  feet  higher 
and  the  Johnson  ridge  has  been  raised  so  that  the  deserted 
banks  indicating  the  old  surface  of  the  Niagara  river  are  now 

*  Named  after  Sir  William  Johnson  who  took  possession  of  the  falls  about 
1760. 

f  Some  of  these  measurements  were  barometric  from  adjacent  known  levelB, 
«nd  consequently  closer  calculations  were  useless. 
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40  feet  above  the  Erie  level.  Thus  it  becomes  apparent  that 
the  elevation  of  about  the  last  20  feet  has  taken  place 
since  the  recession  of  the  falls  past  the  Johnson  ridge,  for 
otherwise  such  a  large  river  with  a  great  breadth  would  have 
emptied  the  lakes  and  the  recession  of  the  falls  must  have 
ceased.  That  the  water  was  recently  higher  about  the  head 
of  Lake  Michigan  than  now,  the  swampy  flats  bear  witness,  and 
the  low  lands  continue  far  southward  so  that  the  rocky  floor  of 
the  country — only  7  feet  above  the  lake  level  (Ossian  Guthrie) 
is  25  miles  distant  from  the  lake.  Over  this  extensive  plain, 
the  low  country  has  been  a  swamp,  and  drained  sluggishly  in 
both  directions  whilst  silting  over,  to  the  extent  of  a  lew  feet, 
the  rocky  floor  of  the  country.  But  the  entire  drainage  of 
Lake  Michigan  to  the  southwest  could  not  have  been  estab- 
lished. The  lowering  of  the  water  by  a  few  feet  in  the  Michi- 
gan basin  as  well  as  in  the  Erie  has  been  produced  by  the 
recession  of  the  falls  past  the  Johnson  ridge. 

From  the  modern  rate  of  the  recession  of  the  falls,  which  is 
about  four  feet  a  year,  and  the  distance  of  6,000  feet  which 
the  falls  have  receded,  since  passing  the  Johnson  ridge,  we 
find  that  the  terrestrial  warping  in  the  vicinity  of  Niagara 
Falls  could  not  have  exceeded  24  feet  in  1500  years,  or  1*5  feet 
a  century.  But  with  the  silting  up  of  the  Chicago  (more  cor- 
rectly Lemont)  overflow  not  more  than  20  feet  (or  possibly  15 
feet  if  the  waters  were  deeper)  of  the  last  uplift  of  the  John- 
son ridge  have  been  developed  since  the  recession  of  the  falls 
through  that  ridge.  Thus  the  rate  of  terrestrial  deformation 
or  uplift  in  the  Niagara  district  does  not  exceed  1*25  a  century, 
with  a  possible  reduction  to  one  foot  in  the  same  time,  if  the 
secular  rate  were  uniform.  But  there  have  doubtless  been 
episodes  of  rest  and  others  of  uplift  so  that  the  actual  rate 
01  movement  might  have  been  more  rapid,  but  the  above  esti- 
mate is  the  average  during  these  times  of  elevation  and  inter- 
vening repose. 

The  agents  of  the  deformation  in  the  Erie  basin  have  not 
been  so  continuous  or^so  active  as  in  other  portions  of  the  lake 
region ;  but  if  a  mean  rate  for  long  epochs  can  be  taken  as 
here  indicated,  then  nearly  13,000  years*  have  elapsed  since 
the  Lundy  beach  commenced  to  be  deformed.  The  Iroquois 
beach  is  however  more  accurately  measured.  In  the  vicinity 
of  the  outlet  of  Lake  Ontario,  the  deformation  is  double  that 
in  the  Niagara  district.  At  that  outlet,  the  tilting  has 
amounted  to  370  feet  by  the  post-Iroquois  movement,  and  at 
2*5  feet  a  century  about  14,800  years  have  elapsed  since  the 
close  of  the  episode  of  the  formation  of  that  deserted  shore 
line.     The  conjectural  mean   deformation    over  long  epochs 

*  160  feet  divided  by  1  to  1*25  feet  a  century. 
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closely  accords  with  our  best  estimates  of  the  age  of  the  falls; 
which  will  make  another  chapter  in  the  lake  history. 

The  inferred  rate  of  terrestrial  deformation  in  the  Niagara 
district  is  1*25  feet  a  century;  2*5  feet  at  the  outlet  of  Lake 
Ontario ;  and  2  feet  northeast  of  Lake  Huron.  These  figures 
may  be  of  use  in  reading  the  future  of  Lake  Erie. 

Applied  to  the  Erie  basin,  the  indicated  deformation  con- 
tinuing, it  appears  that  before  Niagara  Falls  can  have  receded 
past  the  Devonian  ridge  near  Buffalo,*  the  drainage  of  the 
upper  lakes  will  have  been  turned  into  the  Mississippi  Valley, 
iust  as  the  Huron  waters  have  been  turned  from  the  old 
N ipissing  channel  and  Ottawa  River  to  cascade  over  the  falls ; 
and  thus  may  require  7,000  or  8,000  years.  In  this  case  the 
future  life  of  the  lakes  will  be  very  long ;  as  their  drainage 
will  only  be  effected  by  the  excavation  of  a  deep  valley  back- 
ward from  the  Mississippi  River  into  the  lake  basins. 


Art.  XX.  —  On   the  Crystallization  of  Enargite ;   by 

L.  y.  Pirsson. 

The  crystal  form  of  enargite,  the  cuprous  sulpharsenate 
CUjAbS^,  was  first  described  by  Dauberf  from  Peruvian  speci- 
mens in  the  Krantz  collection  presented  by  Breithanpt  the 
discoverer.  Dauber  gives  only  a  basal  proiection  of  the  forme 
noted  by  him.  Also  crystals  from  Brixlegg  in  Tyrol  have 
been  described  by  Zepharovich  ;:|:  from  the  Serra  Famatina  in 
Argentina  by  vom  Rath§  and  from  Luzon  by  Zettler  as  men- 
tioned by  vom  Rath.||  None  of  these  authors  give  any  figures 
of  the  crystals  observed  by  them  except  that  vom  Rath  gives 
a  basal  projection  of  trillings  from  the  Serra  Famatina. 

It  has  been  thought  therefore  that  a  description  of  some 
American  occurrences  accompanied  by  figures  would  be  useful 
and  not  without  interest. 

Among  a  suite  of  eruptive  rocks  sent  to  Prof.  Dana  by  Mr. 
R.  C  Hills  and  collected  in  the  Summit  District,  Colorado,  is  a 
series  taken  from  the  Ida  Mine  which  presents  in  an  extremely 
interesting  way,  as  shown  in  an  accompanying  note  by  Mr. 
Hills,  the  method  of  deposition  of  enargite  at  this  locality. 
It  occurs  in  a  porphyry  containing  large  phenocrysts  of  ortho- 
clase  often  nearly  an  inch  in  diameter.     By  hot  solutions  these 

*  These  estimates  will  be  more  fully  explained  in  a  forthcoming  paper  upon  th» 
history  of  Niagara  Falls. 

Pogg.  Ann.,  xcii,  p.  237,  1854. 
Zeit  Kryst,  iii,  p.  600,  1879. 
Zeit.  Kiyst,  iv,  426,  1880. 
I  Jahrb.  Rin.,  i,  p.  159,  ref.  1880. 
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have  been  kaolinized  and  often  entirely  removed  ;  the  enargite, 
frequently  accompanied  by  free  gold,  being  deposited  as  a  sec- 
ondary process  in  the  cavities  thus  formed.  The  groundmass 
of  the  porphyry  retains  to  a  considerable  extent  the  form  of 
the  feldspar  phenocrvst  and  the  masses  of  enargite  are  thus 
pseudomorphous  in  shape. 

While  generally   in   compact   masses  or 
with  the  crystals  so  crowded  as  to  be  indis-  ^ig- 1- 

tiuct,   at  times   the  cavities   are   lined    by     ^        /■  -^ 

small  glittering  prisms  of  a  bluish  black  col-      1  f|| 

or,  in  size  up  to  three  mm.  in  length.  They  ^^  ^ 
are  very  tabular  from  a  large  extension  of 
the  macropinacoid  i-l  (100)  and  appear  as  in 
fig.  1,  being  composed  of  the  following  sim- 
ple forms  a,  U  (100) ;  c,  O  (001) ;  m,  /(llO) 
and  A,  i-2  (120).  The  forms  were  identified  by  the  following 
measurements. 


mh 


Calc. 

Meas. 

A /vm  (llO^liO)  =  82*    7' 

Sr  22' 

81°  37' 

m^.A   (120 A 120)  =  59   43 

69    55 

60    16 

In  these,  as  in  the  following  in  this  article,  the  calculated 
angles  are  derived  from  the  fundamental  angles  assumed  by 
Dauber  in  which  (IIO)a(IIO)  =  82°  7i'  and  (001)^(011)  = 
39°  31'  the  axial  ratios  derived  from  these  being 

dihic  ::  0-8712  :  :  1  :  0*8248 

The  prisms  of  these  enargite  crystals  are  strongly  striated  in 
a  vertical  direction,  which  accounts  for  the  deviation  in  the 
calculated  and  measured  angles.  The  base  is  not  striated,  but 
is  rough  and  does  not  reflect  light  well. 

Enargite  from  various  American  localities  has  been  analyzed 
and  described  by  several  authors.  These  may  be  briefly  men- 
tioned as  follows : 

Brewer's  Mine,  Chesterfield,  South  Carolina,  analyzed  by 
Genth.*  Willis  Gulch  near  Black  Hawk,  Colorado.  Described 
by  Burton. f  Morning  Star  Mine,  Monitor  District,  Alpine 
Co.,  California.  Analyzed  by  Root.J  Tintic  District,  Utah, 
described  by  Silliman,§  where  it  occurs  at  several  mines,  mate- 
rial from  the  Shoebridge  Mine  having  been  analyzed  by  E.  S. 
Dana.  II 

No  crystals  are  mentioned  as  being  suitable  for  crystallo- 
graphic  work,  the  various  authors  describing  the  material  from 

*This  Journal.  II,  vol.  xxiii,  p.  420,  1857. 
fThis  Journal,  IF,  vol.  xlv,  p.  34,  1868. 
JThis  Journal,  11,  vol.  xlvi,  p.  201,  1868. 
§This  Journal,  III,  vol.  vi,  p.  126,  1873. 
I  Op.  cit. 
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these  localities  as  either  massive,  or  io  rude  columnar strncture 
with  cleavage  surfaces  or  those  of  striated  priBms,  and  this  is 
confirmed  by  an  excellent  suite  of  specimens  from  the  above 
occurrences  in  the  Brush  collection. 

More  recently  enargite  in  considerahle  quantities  has  been 
discovered  in  various  places  in  Colorado;  and  that  from  the 
mines  at  Red  Mountain,  especially,  furnishes  material  suitable 
for  crystal  I  ographic  investigation.  A  very  fine  suite  of  speci- 
mens from  the  National  Belle  Mine  was  collected  by  Prof, 
S.  L.  Penfield  during  the  summer  of  1891,  while  engaged  in 
work  for  the  U.  S.  Geological  Survey,  For  the  purpose  of 
carrying  out  the  present  investigation  he  has  kindly  placed 
these  specimens  at  the  disposal  of  the  author,  who  takes  this 
opportunity  of  expressing  his  thanks  for  the  free  use  of  the 
material. 

The  mineral,  which  is  here  mined  for  silver  and  copper, 
occurs  in  vertical  shafts  or  "chimneys"  in  a  decomposed  vol- 
canic rock.  It  generally  occurs  accompanied  by  pyrite  and  is 
in  large  cleavable  masses,  rarely  in  distinct  crystals.  "When 
crystaTlized  it  is  usually  in  thick  striated  prisms  np  to  two  or 
three  mm.  in  length  and  of  the  habit  shown  in  fig.  2,  consisting 


of  the  simple  forms  t\  (?  (001)  ;  a,  »-T{100);  m,/ (110)  and 
A,  ?-2  (120),  In  some  specimens  the  faces  are  more  even  and 
the  unit  braehydome  s.  l-l  (Oil)  appears  as  shown  in  fig,  3. 
On  one  specimen  crystals  were  present  wiiich  showed  the  unit 
macrodome  k,  l-l  (101)  and  in  addition  a  pronrinent  and  well 
defined  braehydome  was  seen.  This  was  invariably  so  rough, 
from  email  pit-like  markings  and  minute  octahedra  of  pyrite 
that  only  an  approximate  measurement  of  it  could  be  made. 
Measured  on  the  base  it  gave  an  angle  of  25°  while  012/^001 
requires  32°  25'.  It  is  therefore  regarded  as  being  most  proba- 
bly the  i  braehydome.  Besides  the  planes  already  mentioned 
these  crystals  showed  the  macroprism  v,  *-5(210)  and  their 
habit  is  represented  in  fig.  4. 

Another  very  common  habit,  from  this  locality,  is  a  flat  tabu- 
lar one,  both  bases  being  present  and  the  crystal  is  attached  by 
one  end  of  the  macro-axis.     This  is  shown  in  fig.  5.      The 
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most  interesting  crystals  which   have   been  observed  among 
these  specimens  however  are  represented  in  fig.  6.     They  are 

Fig.  5.  Fig.  6. 


rather  thick  tabular  in  habit  and  attached  by  one  end  of  the 
macro-axis  like  those  just  described.  They  consist  of  the 
planes  c,  0  (001);  a,  'i^l  (100) ;  m,  7(110);  I,  i-i  (130) ;  s,  l-l 
(Oil)  and  z,  f-3  (134).  The  planes  of  130  are  dull  and  do  not 
reflect  light  well,  while  the  other  prisms  are  extremely  brilliant, 
giving  a  good  reflection  of  the  signal,  as  do  also  the  dome 
1%  (Oil)  and  the  brachy-pyramids  |-3  (134).  It  was  noticed 
on  these  crystals,  of  which  several  good  examples  were  exam- 
ined, that  the  dome  and  brachy-pyramid  always  appeared  only 
at  one  end  of  the  prism,  the  other  being  simply  cut  off  by 
the  base  (OOl).  Moreover  the  upper  base  (001)  is  apt  to  be 
dull  and  not  to  reflect  light  well,  while  the  lower  one  (OOl)  is 
very  brilliant  and  striated  by  oscillation  with  the  unit  macro- 
dome  (101).  These  facts  would  seem  to  point  toward  the 
species  being  hemimorphic.  Of  the  forms  observed  upon 
these  crystals  the  following  are  new  to  the  species  (?,  \-i  (012) ; 
-y,  ^-2  (210)  and  z,  |-3  (134).  The  following  table  gives  the 
calculated  and  measured  angles  by  which  the  forms  were  iden- 
tified. 

Planes.  Calc. 

m/^m,  llO/sllO  tt2*  07^' 

a  /sA,  100^120  60      8^ 

a  /sv,  100/S210  23    12 

m/sv,  110^210  17  31 

m/s^,  110/^130  28     0 

c  /s^,  001 /s  101  43   26^ 

c  >N«,  001/vOll  39  31 

s  ^z,  011/vl34  13   45i 

z  /s«,  134  y^  134  22   45f 

c  /s2,  001 /s  134  33   31 

The  form  f -3  (134)  was  also  identified  by  being  in  the  zones 
0(001)/.;  (130)  and  m  (110)  a*  (Oil)  which  have  probably  in- 
fluenced its  appearance. 

The  powder  of  these  crystals  tested  in  the  open  tube  gives 
abundant  reaction  for  arsenic  and  none  for  antimony,  from 
which  we  may  conclude  that  they  are  very  pure  enargite,  not 
more  than  a  trace  at  most  of  fainatinite,  the  isoniorphous  anti- 
mony compound  CiijSbS^,  being  present. 

MiDeralogical-  Petrograpl ileal  Laboratory. 
Sheffield  Scientific  School,  New  Haven,  November,  1803. 


Meas. 

82°  3', 

82°  n', 

82°  04' 

60  3, 

60  20, 

59  45 

23  13, 

23  18 

17  28, 

17  42, 

17  19 

28  24 

43  01 

39  39, 

39  10 

13  45, 

13  49 

22  46 

33  33, 

33  40 
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Art.  XXI. — Relations  of  the  Lower  Menominee  and  Lower 
Marquette  Series  in  Michigan  {^Preliminary) ;  by  Henry 
Lloyd  Smyth. 

Nearly  all  writers  on  Michigan  geology  from  Brooks  to 
Wadsworth  have  maintained  the  general  equivalence  of  the 
Marquette  and  Menominee  iron-bearing  series.* 

This  opinion  has  been  founded  on  the  similar  unconform- 
able relations  of  the  two  series  to  an  undoubtedly  older  crys- 
talline complex,  and  on  a  general  lithological  similarity  between 
some  of  the  individual  members. 

It  is  the  object  of  this  paper  to  review  briefly  the  evidence 
by  whicli  this  correlation  has  been  supported,  and  to  present 
some  new  facts  that  appear  both  to  modify  and  to  give  it  a 
more  definite  shape.  It  should  be  remembered  that  the  rocks 
of  the  two  series  have  never  been  traced  into  each  other,  and 
that  until  recently  there  has  been  an  unbridged  gap  many 
miles  wide  between  them. 


General  Relations, 

So  long  as  the  iron-bearing  rocks  of  Michigan  were  thought 
to  constitute  an  uninterrupted  succession,  the  argument  from 
similar  relations  to  similar  older  rocks  had  much  force.  It  was 
further  strengthened  by  Van  Hise's  discovery  that  the  Mar- 
quette series  was  divided  into  two  unconformable  series,  and 
by  his  later  announcement,  that  the  Menominee  series  was 
probably  similarly  divided  by  an  unconformity.  More  recent 
and  extended  work  in  the  northern  extension  of  the  Menominee 
area  has  so  far  confirmed  these  views  that  it  is  now  certain 
that  the  Menominee  rocks  are  made  up  of  an  upper  and  a 
lower  series,  separated  by  an  unconformity. 

The  general  relations  in  the  two  districts  are  given  in  the 
table  below,  which  differs  from  that  given  by  Van  Hise  in 
Bull.  86,  U.  S.  G.  S.,  in  the  substitution  of  Upper  and  Lower 
Menominee  for  Western  Menominee,  and  Menominee  Proper. 

*In  order  Dot  to  re-state  views  thnt  are  already  so  well  knowD,  the  reader  is 
referred  to  the  following  list,  which  does  not  pretend  to  be  exhaustive  as  reprards 
either  authors  or  titles : 

Brooks,  Geol.  Wisconsin,  vol.  iii,  p.  450  table.— Gredner,  quoted  in  Bull.  86, 
U.  S.  Geol.  Survey,  p.  90. — Irving.  7th  Ann.  Rep.  U.  S.  Geol.  Survey,  p.  435.— 
Van  Hise.  Bull.  86,  U.S.  Geol.  Survey,  pp  197-8.— Wads  worth,  Report  State 
Board  of  Geol.  Survey,   Lansing,  Mich.,  1893,  pp.  104,  117. 
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Marquette  District.  Menominee  District. 

Upper  Marquette.  Upper  Menominee. 

Unconformity.  Unconformity. 

Lower  Marquette.  Lower  Menominee. 

Unconformity.  Unconformity. 

Archaean.  Arcbsean. 

This  undoirbtedly  constitutes  a  strong  chain.  The  weak 
point  as  Van  Hise  has  fully  recognized  is  that  neither  of  the 
sedimentary  series  of  the  one  district  has  been  traced  into  the 
corresponding  series  of  the  other.  Consequently  to  correlate 
the  two  series  of  the  one  with  the  two  series  of  the  other, 
involves  the  assumption  that  the  two  tirae-breaks  extend  over 
both  districts,  and  mean  the  same  thing  in  each. 

Lithological  Characteristics, 

Before  considering  the  lithological  similarities  of  the  indi- 
vidual formations,  it  is  first  necessary  briefly  to  recall  the 
characteristics  of,  and  the  order  of  succession  in,  the  lower 
series  of  the  two  districts. 

Lower  Menominee, 

Avoiding  minute  subdivision  the  lower  Menominee  consists 
of 

(1)  A  basal  quartzite,  rarely  conglomeratic.  The  thickness 
may  reach  a  maximum  of  about  1000  feet,  and  over  large 
areas  is  at  least  700  feet 

(2)  A  crystalline  limestone  which  averages  about  700-1000 
feet  in  thickness.  On  the  Fence  Kiver  in  T's  44  and  45  N.  R. 
31  W.,  where  it  largely  if  not  entirely  replaces  the  lower 
quartzite,  the  thickness  attained,  if  there  are  no  subordinate 
folds,  is  from  1500-2000  feet. 

(3)  Red,  black  and  green  slates,  that  are  not  known  to  ex- 
ceed 200-300  feet  in  thickness.  The  slates  here  and  there  con- 
tain the  iron  formation  that  affords  the  rich  ores  of  Iron 
Mountain  and  Norway.  In  the  southern  part  of  T.  44  N.,  R. 
31  W.,  the  horizon  of  the  slates  is  in  part  occupied  by 
altered  ernptives,  that  rapidly  increase  in  thickness  towards 
the  north,  the  whole  attaining  a  maximum  of  nearly  2000  feet 
on  the  Fence  River  in  T.  45  K,  R.  31  W. 

(4)  The  higjhest  member,  except  volcanics,  yet  recognized  in 
the  Felch  Mountain  and  Fence  River  divisions  of  the  Lower 
Menominee  is  typically  developed  at  Michigamme  Mountain, 
S.  4,  T.  43  N.,  R.  31  W.  and  S.  38,  T.  44  N.,  R  31  W.,  and  has 
been  called  the  Michigamme  jasper.  This  is  a  greatly  altered 
ferruginous  rock  usually  carrying  apparently  fragmental  quartz 
grains.    Various  stages  in  the  alteration  permit  two  or  three 
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types  to  be  recognized.  The  least  modified  seems  to  indicate 
tnat  the  rock  was  originally  in  part  at  least  a  clastic  sediment 
The  alteration  appears  to  have  been  effected  by  the  infiltration 
of  iron  salts,  the  formation  of  cherty  silica,  and  the  replacement 
of  the  original  constituents  to  varying  degrees.  The  most 
highly  altered  type  bears  the  closest  possible  resemblance  in 
the  hand  specimen  to  the  banded  specular  jasper  seen  on  the 
Kepublic  bluff. 

Iron  ores  occur  at  three  horizons  in  the  lower  Menominee. 
The  lowest  and  least  important  is  found  in  the  upper  portion 
of  the  quartzite  near  its  junction  with  the  limestone.  While 
lean  (usually  martite)  ores  are  of  wide  distribution,  only  one 
workable  deposit  of  rich  ore  has  as  yet  been  discovered  in  this 
position  in  the  series.  The  slate  member  contains  the  great 
majority  of  the  rich  ore  deposits.  These  occur  as  local  con- 
centrations in  a  ferruginous  rock,  composed  of  banded  jasper 
and  iron  ore,  which  perhaps  is  the  modified  representative  of 
portions  of  the  slates  carrying  a  large  proportion  of  non-clastic 
material  of  original  deposition.  The  banded  jasper  is  not  con- 
tinuous, and  it  occurs  at  different  horizons  in  the  slates.  The 
third  horizon  is  the  Michigamme  jasper,  which  up  to  the 
present  time  has  yielded  only  a  few  small  bodies  of  rich  ore. 

m 

Lower  Marquette, 

The  lower  Marquette  series  in  the  western  part  of  the  Mar- 
quette area,  where  it  most  nearly  approaches  the  Menominee 
region  consists,  when  exposed,  of 

(1)  A  basal  conglomerate — quartzite — quartz  schist,  probably 
less  than  100  feet  thick.  North  of  the  Michigamme  Mine  the 
quartzite  passes  upward  into  a  slate. 

(2)  An  iron-bearing  formation  which  may  be  divided  further 
into  a  lower  member,  composed  of  actinolite  (or  gruenerite),* 
magnetite,  and  silica,  one  or  two  of  which  may  locally  pre- 
dominate over  the  rest,  and  an  upper  member,  usually 
but  not  invariably,  characterized  by  bands  of  red  jasper 
and  specular  hematite.  The  iron-bearing  member  has  a  maxi- 
mum thickness  of  more  than  1000  feet,  but  usually  it  has 
been  cut  down  greatly  or,  with  the  lower  quartzite,  entirely, 
by  the  Animikief  transgression. 

The  Marquette  iron  ores,  except  those  in  the  Upper  Mar- 
quette series,  occur,  as  Van  Hise  has  shown,f  either  (a)  at  the 

*  A.  C.  Lane  and  F.  P.  Sharpless,  this  Journal.  Dec,  1891,  p.  505.  Report  of 
the  State  Board  of  (Jeol.  Survey,  Michigan,  Lansing,  1893,  p.  183. 

f  Animikie  is  here  used  as  a  general  term,  covering  the  time  of  deposition  of 
the  Upper  lluronian.  Upper  Marquette,  Upper  Menominee,  Penokee -Gogebic, 
and  the  Animikie  of  Northern  Minnesota  and  Canada,  all  of  which  are  regarded 
as  generally  equivalent. 

JTliis  Journal.  Feb..  1802. 
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contact  of  the  lower  iron  bearing  member  with  the  upper 
qaartzite,  when  the  ore  uiaj  be  either  a  concentration  in  the 
lower  iron-bearing  member,  or  a  detrital  member  of  the  upper 
series,  or  (J)  more  rarely,  entirely  within  the  iron-bearing  mem- 
ber of  the  lower  seriea 

These  descriptions  are  expressed  briefly  in  the  following 
table,  in  which  the  members  of  the  two  series  are  shown  in 
parallel  columns  for  lithological  comparison. 

MeDominee.  Marquette. 

Michigan) me  Jasper.  Jasper  banded  with  ore.  )    Iron 

Slates  (Principal  iron  forma-)       Majifnetite-Actinolite      >■  forma- 
tion.) Schist.  )    lion. 

Limestone.  *  Quartzitc. 

Quartzite. 


Arebsean.  ArcliaBan. 

It  will  be  seen  that  the  lithological  resemblances  are  these : 
(1)  Each  series  has  a  similar  quartzite  at  its  base.  (2)  Each 
contains  iron-bearing  formations.  Neither  is  a  safe  basis  for 
correlation  in  the  absence  of  direct  stratigraphical  evidence, 
for  not  only  has  nearly  every  positive  movement  throughout 
geological  time  been  marked  by  a  basal  sandstone  or  quartzite, 
but  the  undoubted  general  resemblance  between  the  iron-bear- 
ing formations  of  the  two  districts  is  not  closer  than  that  be- 
tween either  and  like  formations  of  Animikie  age. 

On  the  other  hand  the  lithological  diflPerences,  and  especially 
the  absence  from  the  Marquette  column  of  the  Menominee 
limestones  and  slates,  are  very  striking.  It  is  on  this  point 
that  recent  work  furnishes  some  positive,  though  not  conclu- 
sive evidence. 

Structure  and  Distributicm. 

The  Menominee  rocks,  as  will  appear  in  detail  in  a  forth- 
coming report,  have  been  traced  from  Michigainme  Mountain 
with  a  north  and  south  strike,  north  through  T's  44  and  45  N., 
R.  31  W.  In  these  townships  they  lie,  with  an  easterly  dip, 
on  the  eastern  side  of  a  structural  axis,  along  which  granite- 
gneisses  outcrop  in  the  western  part  of  T's  44  and  45  X.,  R. 
31  W.,  and  in  the  eastern  part  of  T's  44  and  45  JS\,  R.  32  W. 
It  has  been  possible  to  follow  the  Michigamme  jasper  care- 
fully and  closely  by  means  of  its  magnetic  properties.  In  the 
middle  of  T.  45  N.,  R.  31  W.,  where  the  rock  is  next  found 
in  exposures  and  explorations,  it  is  seen  to  have  somewhat 
changed  in  character.  The  lower  portion  has  become  deci- 
dedly quartzitic,  containing,  however,  gashes  and  films  of 
specalar  hematite.     The  upper  portion   is  finely  banded,  and 
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contains  actinolite,  magnetite  and  dark  chert.  Tiiis  is  the  por- 
tion of  the  formation  that  most  disturbs  the  needle.  While 
thin  sections  of  this  rock  have  not  yet  been  examined,  the 
constituent  minerals  are  evidently  not  so  distinctly  segregated 
as  is  usual  in  the  Marquette  actinolite  schists.  Otherwise  the 
rocks  bear  considerable  resemblance  to  each  other. 

The  lower  iron-bearing  rocks  of  the  western  Marquette  dis- 
trict have  been  traced  southward  from  the  northwestern  end 
of  the  Rspublic  tongue,  for  a  long  distance.  Coinciding  with 
the  lower  portion  of  the  iron-bearing  member,  or  the  magnetite 
actinolite  schist,  is  a  very  strong  and  continuous  line  of  mag- 
netic attraction  which  was  first  followed  for  part  of  the  dis- 
tance by  Major  Brooks  over  20  years  ago.  This  line  of  attrac- 
tion is  proved  to  coincide  with  the  magnetite  actinolite  schist 
member  by  occasional  outcrops  and  by  explorations  at  con- 
siderable intervals.  East  of  it  is  a  granite  area,  and  between 
the  two,  the  lower  quartzite  outcrops  near  the  northern  end  of 
the  Republic  tongue.  Farther  south  the  quartzite  is  pre- 
sumably present,  but  no  outcrops  have  been  found  in  the 
heavily  drift-covered  country.  This  line  of  attraction  may  be 
called  the  A  line.  Less  than  half  a  mile  west  of  the  A  line  a 
second  line  of  magnetic  attraction  runs  parallel  to  it  for  a  con- 
siderable distance,  which  may  be  called  the  B  line.  This  B 
line  has  been  traced  completely  round  an  oval  area  in  which 

franite  and  gneisses  have  been  discovered  in  three  sections, 
'hese  gneisses  lie  east  of  the  axis  of  the  enclosed  oval,  and 
strike  parallel  to  the  B  line  and  dip  towards  the  east.  Through- 
out the  20  miles  or  more  through  which  the  B  line  has  been 
followed  no  outcrops  of  any  kind  have  been  found  upon  it. 
That  it  does,  however,  represent  a  belt  of  magnetic  rock  entirely 
enclosing  an  Archaean  area  admits  of  no  possible  doubt.  Ex- 
plorations along  the  A  line  have  established  the  fact  that  the 
geological  succession  in  going  from  east  to  west  across  it  is 
from  older  to  younger  formations.  That  is,  the  dip  is  towards 
the  west.  The  gneisses  in  the  oval  enclosed  by  the  B  line  dip 
toward  the  east  on  the  east  side  of  the  axis  of  the  oval.  This, 
coupled  with  the  fact  that  both  the  A  and  B  lines,  in  the  one 
case  partially,  in  the  other  completely,  encircle  domes  of 
Archaean  rocks,  makes  it  certain  that  the  rocks  which  they 
represent  dip  towards  each  other.  In  other  words,  in  that 
part  of  their  course  in  which  they  run  parallel  they  occur  on 
opposite  limbs  of  a  synclinal  fold.  Moreover  the  space  be- 
tween them  is  known  by  exposures  and  exploration  to  contain 
upper  Marquette  quartzite  and  mica  schists. 

This  occurrence  of  the  A  line  on  one  side,  and  of  the  B 
line  on  the  other,  of  a  long  and  very  narrow  synclinal  fold, 
together  with  the  entirely  similar  general  relations  of  each  to 
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enclosed  Arcbeean  areas,  hardly  leaves  room  for  dotibt  that 
they  represent  the  nptnrned  edges  of  one  and  the  same  forma- 
tion. Furthermore,  no  other  rock  is  known  in  the  re^on  that 
IB  at  once  so  strongly  and  so  nniforraly  magnetic.  The  con- 
clnsion  therefore  is,  that  the  6  line  like  the  A  represents  the 
lower  Marqnette  aetinolite  schiBt, 

It  has  already  been  shown  that  the  Michiganime  jasper,  a 
magnetic  rock,  can  be  traced  north  from  Michigainme  Moun- 
tain, by  its  magnetic  propertiee,  and  that  when  next  exposed 
it  has  been  partly  differentiated  into  a  lower  quartzite  member 
and  an  upper  member,  which  alone  disturbs  the  needle,  con- 
taining magnetite  and  aetinolite.  Also,  that  it  overlies  con- 
formably an  easterly  dipping  snecession,  made  up  below  it  of 
nearly  2000  feet  of  highly  altered  eruptives  and  nearly  2000 
feet  of  limestone,  the  whole  resting  upon  Archaean  gneisses, 
to  the  west.  The  magnetic  line  that  marks  the  upper  portion 
of  the  Michigamme  jasper  may  be  called  the  0  lino.  For  24 
miles  in  the  northern  part  of  its  course  the  C  line  runs  nearly 
parallel  with,  and  from  IJ  to  2  miles  west  of  the  B  line,  where 
the  latter  circles  round  the  southwest  quarter  of  ite  enclosed 
Arehsean  oval.  Tliis  distance  of  less  than  two  miles,  is  the 
interval  that  now  separates  the  lower  Menominee  series  from 
the  lower  Marquette  series.  A  sketch  showing  the  relations 
in  this  interesting  region  is  giren  below. 


The  area  between  the  B  and  C  lines  is  covered  and  shows  no 
magnetic  disturbances.  The  rock  of  the  C  line  dips  towards 
the  east,  that  of  the  B  line,  in  the  portion  nearest  the  C  line 
mnBt  dip  towards  the  west.  They  lie  then  on  opposite  sides 
of  a  trough,  and  probably  arc  one  and  the  same  formation. 
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If  they  are  not,  then  the  C  line  has  no  magnetic  representa- 
tive on  the  eastern,  nor  the  B  line  on  the  western  limb  of  the 
fold.  The  probability  is  moreover  strengthened  by  the  litho- 
logical  affinities  of  the  upper  portion  of  the  Michigamme 
jasper, — the  C  line  rock, — m  some  phases,  to  the  lower  Mar- 
quette magnetite  actinolite  schist,  in  others,  to  the  specular 
jasper. 

If  then  these  two  rocks  are  regarded  as  equivalents,  the 
lower  Marquette  quartzite  may,  with  nearly  equal  probability, 
be  taken  to  represent  the  lower  quartzite  portion  of  the  C  line 
formation.  The  whole  of  the  lower  Marquette  series  would 
thus  be  represented  by  the  highest  member  of  the  lower  Menom- 
inee. What  then  becomes  in  the  Marquette  district  of  the 
great  thickness  of  limestone,  quartzite  and  eruptives  which  lie 
below  the  Michigamme  jasper  in  the  Menominee,  and  how  is 
its  absence  to  be  accounted  for  ? 

The  most  probable  explanation  is  that  the  pre-Algonkian 
basement  sank  continuously  in  both  districts,  but  that  the 
Marquette  was  initially  the  more  elevated,  and  as  a  whole  was 
dryland  while  the  lower  quartzite,  limestone  and  slates  were 
going  down  in  the  Menominee.  The  transgressive  movement 
from  the  south  reached  it  when  the  lower  portion  of  the 
Michigamme  jasper  was  being  deposited.  On  this  view  the 
lower  Marquette  quartzite  would  generally  represent  the  lower 
quartzite  horizon  of  the  Michigamme  jasper.  But  in  going 
from  the  more  distant  areas  of  lower  Marquette  rocks  towara 
the  lower  Menominee  the  base  would  gradually  become  the 
equivalent  of  older  horizons  in  the  latter  until  it  passed  finally 
into  the  lower  Menominee  quartzite.  The  absence  of  the 
lower  Menominee  formations  from  the  Marquette  district 
would  thus  be  explained  by  overlap  of  the  Michigamme 
jasper. 

The  Mt.  Mesnard  series  of  quartzite,  limestone  and  slates, 
as  described  by  Wadsworth,*  in  the  eastern  part  of  the  Mar- 
quette area,  between  the  Cascade  range  and  Lake  Superior  has 
many  points  of  resemblance  to  that  part  of  the  lower  Menom- 
inee series  below  the  Michigamme  jasper.  Its  age  is  still 
in  doubt,  but  if  it  should  prove  to  underlie  the  lower  Marquette 
(Wadsworth's  Kepublic  Formation),  its  position  would  prob- 
ably indicate  the  limit  of  the  old  Marquette  highland  on  the 
eastern  side. 

Conclusion, 

The  views  here  presented  are  based  in  part  on  fact,  and 
in  part  on  inference,  and  it  is  desirable  in  conclusion  clearly 

*  Report  of  the  State  Board  of  Geol.  Survey,  Michigan,  Lansing,  1893.    Wads- 
worth  is  inclined  to  regard  it  as  of  upper  Marquette  age. 


Clayton — Six  and  Seven  Day  Weather  Periods.       223 

to  distinguish  the  one  from  the  other.  The  three  magnetic 
lines,  A,  JB  and  C,  and  the  connection  of  two  of  them,  the  A  and 
the  C,  with  characteristic  and  similar  rocks,  are  facts  not  to  be 
■doubted.  Nor  is  it  any  less  clear  that  the  rocks  of  the  A  and 
B  lines,  and  of  the  B  and  C  lines  dip  toward  each  other  in  the 
respective  spaces  between  them.  There  is  no  positive  evi- 
dence as  to  the  nature  of  the  B  line  rock,  for  no  one  has  ever 
seen  it.  Therefore  the  conclusion  that  the  three  lines  repre- 
sent the  same  rock  is  an  inference  which  underground  explora- 
tion may  prove  to  be  erroneous.  All  that  can  now  be  said  is 
that  of  the  five  possible  hypotheses  of  equivalence  or  non- 
equivalence  between  the  A,  B  and  C  rocks,  that  of  equivalence 
is  by  far  the  most  probable. 

Assuming  equivalence  the  evidence  points  then  to  these 
conclusions : 

(1^  The  lower  Menominee  quartzite  limestone  and  slates  are 
all  older  than  any  formation  in  the  Marquette  area. 

(2)  The  Michigamme  jasper  was  deposited  in  a  continuous 
sheet  over  both  districts,  and  in  the  Marquette  constitutes 
both  the  iron-bearing  formation  and,  for  most  of  the  area,  the 
lower  quartzite. 

(3)  The  principal  ore  horizon  of  the  Menominee  has  no 
equivalent  in  the  Marquette  district. 

Cambridge,  Mass.,  Nov.  21,  1893. 


Art.  XXII.  —  Six  and  Seven  Day  Weather  Periods ;    by 

H.  Helm  Clayton. 

There  is  a  seven  day  period  in  the  weather,  so  noticeable  at 
times  in  the  United  States,  that  it  has  embodied  itself  in  such 
popular  sayings  as,  "  If  it  rains  on  the  fii^st  Sunday  of  a  month 
it  will  rain  every  Sunday,"  etc. 

In  regard  to  this  period,  as  early  as  1858,  Prof.  Joseph 
Henry,  Director  of  the  Smithsonian  Institute,  wrote  :  .  .  .  . 
"  Most  persons  can  remember  the  occurrence  in  succession  of  a 
series  of  storms  on  Sundays.  In  one  case  we  recollect  this  to  have 
taken  place  six  times  in  succession.  There  is  nothing  in  this 
particular  day  to  induce  the  occurrence  of  a  storm,  but  merely 
it  will  be  more  likely  to  be  remembered  when  it  happens  at 
this  time;  and  although  the  interval  may  not  be  precisely 
seven  days,  yet  it  may  differ  so  little  from  this  that  a  part  of 
the  first  and  sixth  Sundays  may  be  included  in  the  cycles  of 
disturbance."     See  Patent  OflSce  Report,  1858,  page  490. 

In  a  work  on  The  Atmospheric  System  Developed  (1870) 
by  Thomas  B.  Butler  is  found  the  following:  "It  is  doubtless 
within  the  recollection  and  experience  of  every  one  who  has 
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lived  long,  that  at  a  remembered  period  some  particular  day 
in  the  week,  for  several  weeks,  was  stormj  ;  sometimes  with, 
and  at  other  times  without  an  intervening  storm,  or  showery 
condition,  on  some  day  in  the  week." 

In  Vennor's  Weather  Almanac  for  1883,  p.  13,  it  is  stated : 
"We  find  closely  corresponding  weather  periods  have  fre- 
quently occurred  in  seven,  fourteen,  and  twenty-one  year 
divisions  of  time,  and  most  of  us  are  familiar  with  the  every 
seventh  storm  day  of  our  winter  and  summer  months.  Only 
as  recently  as  last  autumn  (1881)  the  general  remark  was  that 
every  Saturday  stormed ;  and  it  will  be  of  further  interest  to 
the  public  to  learn  that  these  stormy  Saturdays  lasted  through 
a  period  of  just  about  seven  weeks." 

The  fact  that  this  period  was  independently  discovered  by 
the  present  writer,  without  any  knowledge  of  its  previous 
observation,  may  perhaps  be  taken  as  additional  proof  of  its 
existence. 

The  widespread  and  tenacious  belief  in  a  connection  between 
the  changes  of  the  moon  and  the  changes  in  the  weather 
probably  arose  from  the  popular  observation  of  the  seven  day 
weather  cycle  which  agrees  so  approximately  in  length  with 
the  mean  interval  between  the  phases  of  the  moon. 

In  the  American  Meteorological  Journal  for  August,  1885, 
p.  162,  the  writer  gave  a  marked  example  of  this  seven  day 
period  in  which  the  temperature  and  weather  at  several  widely 
separated  stations  in  the  United  States  oscillated  with  almost 
perfect  regularity  for  six  or  seven  weeks  in  succession.  More- 
over, the  oscillations  were  not  simultaneous  at  all  the  stations, 
but  due  to  barometric  minima  which  moved  from  west  to  east 
at  the  normal  rate  of  American  storms.  It  was  stated  by  the 
writer  that  he  had  followed  this  seven  day  period  for  several 
years,  and  found  that  at  intervals  it  rose  to  considerable  promi- 
nence, then  decreased  in  intensity  and  apparently  died  out. 
He  also  stated  that  "  there  seems  to  be  an  oscillation  of  about 
three  days  which  acts  in  a  similar  manner."  Later  this  was 
called  a  six  day  period  on  account  of  its  similarity  to  the  seven 
day  period,  as  will  be  seen  from  what  follows. 

In  1887  the  trustees  of  the  Elizabeth  Thompson  fund 
granted  the  writer  a  part  of  the  fund  for  further  research  on 
this  subject;  but  he  was  unable  to  undertake  it  at  that  time. 
In  January,  1893,  however,  his  attention  was  again  called  to 
this  subject  by  noticing  a  marked  regularity  in  the  oscillations 
of  the  temperature  at  Blue  Hill  Observatory ;  and  in  the 
American  Meteorological  Journal  for  May,  1893,  he  showed 
that  all  the  temperature  maxima  at  the  Observatory  during 
1891  and  1892  could  be  arranged  so  as  to  follow  each  other  at 
approximate  intervals  of  six  or  seven  days,  or  half  these  inter- 
vals, and  the  regularity  of  the  sequences  was  much  greater 
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than  could  be  attribated  to  chance.  It  was  further  shown 
that  intervals  of  six,  or  three  days,  would  prevail  for  awhile 
and  then  the  sequence  would  break,  and  intervals  of  seven,  or 
three  and  a  half,  days  would  follow.  Furthermore,  it  was 
found  that  the  changes  from  intervals  of  one  length  to  that  of 
another  were  separated  by  intervals  of  twenty-seven  days,  or 
Bome  multiple  of  this  number,  a  period  which  agrees  very 
closely  with  the  length  of  a  solar  rotation. 

For  a  further  study  of  these  periodicities,  Mr.  Fergusson, 
the  assistant  observer  at  Blue  Hill  Observatory,  furnished  the 
writer  with  the  dates  and  hours  of  all  the  barometric  minima 
recorded  by  the  barograph  at  the  Observatory  since  its  estab- 
lishment in  1885. 

In  this  data  were  found  many  instances  of  six  and  seven  day 

Eeriodicities  lasting  several  weeks,  and  sufficiently  striking  to 
e  easily  recognized.     A  few  of  these  are  here  given  as  iflus- 
trations : 


The  Dates  and  Hours  of  occurrence  of  barometric  minima  at  Blue  Hill  Observatory- 
Ion,  rr  w.,  lat.  j^''  N. 

Showing  7  day  intervals. 
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u 


July 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 


+  11 
+  46 
-21 
+  1 
-1 
+  24 
+  0 
+  1 
+  0 
—  12 

+  17 

+  17 


t( 


tt 


8,  3  p.  M. 
15,  3  P.  M. 


2  p.  M. 
1  A.  M. 
4  P.  M. 


II 


14,   3  A.  M. 


Means, 

Mean  Departure, 


+  6-3 
±13 


Interval, 
d.     hr. 

6    +6 
6  -4 
6    +1 
6   +34 
6+16 
6+10 
6   +22 
6  -31 
6  —20 
6   +15 
6   +11 

6   +6-3 
±14 


7    +7-5 
±18 

Showing  6  day  intervals. 

Interval, 
d.    hr. 


1887.  d.    1 

Jan.     6,  7  A.  M.  «  , 

'♦       12.  1  P.M.  g  j;{ 

It,     J    p.     M.      n  ,     1 


16 
6 

8 


1891. 

Jan. 

tt 


7   +0 

7  +  6-4 
±11 


Interval, 
d.    hr. 


(( 


24,  3  p.  M.  g  ^  g 

oO,  y  p,  M.  «  I  9 1 

Feb.    6,  6p.  M.  p  '^il 

11,  8  P.M.  ^  +25 

18,  9  p.  M.  ^  +f 


Feb. 


tt 


tt 


t( 


March 


24,  2  p.  M.  "    . : 
12,  7  p.m.  ^   -^^ 


14,  1  p.  M.  «       „ 

20,  -iP.M.  ^  ^i 

'?'  5:-m'^2? 

ft'  it' J'  6    +20 

o,  1   A.  M.     .    .  I 

2i;  llli^f 

26,  llP.M.  ^   ~?. 

March  4,  6  a.  M.  g  _g 


tk 


<t 


(t 


tt 


it 


it 
tt 


tt 


6    +3*8 
±13 


10,  1  A.M 

16,  3  P.  M.  ^  ^{* 

2z,  3  A.  M.  «  ,  rt» 

29,  4  A.M.  ^  +26 


6  +3-3 

±16 
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In  the  preceding  are  given  the  longest  series  of  six  and  seven 
day  periods  found ;  but  in  all  the  numerous  cases  the  mean 
lengths  of  the  periods  rarely  differed  more  than  one  hour  from 
6  days  4:  hours,  and  7  days  6  hours,  respectively. 

The  next  step  in  the  investigation  was  to  ascertain  whether 
the  end  of  one  series  was  separated  from  the  beginning  of  the 
next  by  even  multiples  of  these  mean  intervals.  This  was 
found  to  be  true  if  the  series  in  each  case  were  divided  into 
two  groups  separated  from  each  other  about  half  a  period, 
three  days  in  one  case  and  three  and  a  half  in  the  other.  This 
discovery  enabled  a  more  exact  determination  of  the  periods 
to  be  made,  and  the  mean  lengths  were  found  to  be  7d.  6*4  hr., 
and  6d.  4*0  hr. 

The  next  step  was  to  divide  the  time  from  Jan.  1,  1885,  to 
Aug.  31,  1893,  into  intervals  of  these  lengths  and  ascertain 
whether  the  periods  would  show  themselves  in  the  average  of 
all  observations.  The  first  investigation  in  this  line  was  to 
count  the  number  of  times  on  each  day  of  both  periods  that 
barometric  minima  were  observed  at  Blue  Hill  Observatory. 
The  results  are  shown  for  each  interval  of  three  years  in  the 
following  tables : 

Number  of  Barometric  Minima  at  Blue  Hill  Observatory — Urn.  71"  W.  and  lat  4^*  K, 

On  each  day  of  the  Seven  day  period. 


1 

2 

3 

4 

5 

6 

7 

ISSS-'ST, 

43 

38 

47 

48 

40 

43 

44 

1888-'90, 

44 

37 

30 

44 

44 

25 

50 

1891-'93, 

34 

19 

31 

46 

35 

35 

39 

Sum, 

121 

94 

108 

138 

119 

] 

103 

133 

On  each  day  of 

the  Six  day  period. 

1 

2 

s 

4 

5 

6 

]885-'87, 

34 

55 

49 

40 

53 

53 

1888-'90, 

43 

52 

45 

40 

5S 

43 

1891-'93, 

35 

40 

37 

34 

53 

41 

Sum, 

112 

147 

131 

114 

158 

137 

In  both  of  these  tables  are  included  all  the  barometric  minima 
recorded  at  the  Observatory.     Both  tables  show  two  maxima  of 
frequency  in  each  period  which  persistently  remain  on  the  same 
days  of  the  periods,  thus  proving  that  the  periods  have  defi- 
nite and  constant  lengths ;  and  that  these  lengths  have  been 
approximately    determined.       A    close    examination   of    the 
figures,  however,  leads  to  the  conclusion  that  the  mean  lengths 
as  given  are  not  absolutely  correct      Thus  in  the  first  group  of 
the  seven  day  period,   1885  to   1887,   the  maxima  probably 
occur  between  the  third  and  fourth,  and  the  fifth  and  sixth 
days  ;  while  in  the  last  group,  1891  to  1893,  the  maxima  occnr 
sharply  on  the  fourth  and  seventh  days,  thus  indicating  a  for- 
ward movement  of  the  maxima  of  about  half  a  day  in  six 
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years.  In  the  six  day  period  the  figures  indicate  that  the 
maxima  have  probably  moved  backward  about  half  a  day  in 
six  years.  These  results  show  that  the  mean  length  of  the 
seven  day  period  as  given  above  should  have  been  increased 
0'04  hr.  and  the  mean  length  of  the  six  day  period  decreased 
about  0-03  hr. 

The  mean  height  of  the  barometer  at  Blue  Hill  for  8  A.  M. 
and  8  p.  h.  on  each  day  of  the  periods  was  obtained,  and  the 
results  corrected  for  the  diurnal  period  by  subtracting  0'02 
inch  from  the  8  A.  M.  means  were  as  follows  for  the  three 
years  1887,  1891,  and  1893.  These  years  were  selected  merely 
because  they  were  most  convenient  lor  the  purpose. 

Mean  height  of  the  barometer  at  Blue  Hill  for  each  day  of  the  Seven  day  period, 

1.  2.  s.  4. 

8  A.  M.   8  p.  M.        8  A.  M.     8  P.  M.      8  A.  M.     8  P.  M.      S  A.  M.     8  P.  M. 

188*7,  29  34  29*36  29  36  29*33  29-31  29*31  29*31  t9'S0 
1891,  39*S3  29*32  29  33  2936  29*3*7  29*33  29*31  29-30 
1893,       29*31     29*31         29*34     29*33       29*29     29*27       29*26     29»25 

5.  6.  7. 

8  A.  M.      8  P.  M.  8  A.  M.     8  P.  M.  8  A.  M.      8  P.  M. 

1887,  2934       29*36  29*31       29*28      •      29'28       29  30 

1891,  29-33       29-36  29  36       29*36  29*36        29  35 

1893,  29*30       29-30  t9'25       2926  29  29       29*31 

Mean  height  of  the  barometer  at  Blue  Hill  for  each  day  of  the  Six  day  period. 

U  2.  8. 

8  A.  M.     8  p.  M.  8  A.  M.      8  p.  M.  8  A.  M.        8  P.  M. 

1887,  29*34  29*32  29  29  «9»25  29*28  29*31 
1891,  29-34  29*33  29*33  Wll  29*34  29  35 
1893,     29*29   29*30     29  30   29»«T      2929   29*31 

A.  5.  6. 

8  A.  M.  •  8  P.  M.  8  A.  M.     8  P.  M.  8  A.  M.       8  P.  M. 

1887,  29-32       29*35  29«3«       29*35  29*33       29  33 

1891,  29*37       29*37  29*32       29*30  29*34       2936 

1893,  29-35       29*32  2927       29*26  29*27       29*26 

These  results  show  very  clearly  the  occurrence  of  two  baro- 
metric minima  in  each  period.  The  minima  occur  on  the 
fourth  and  seventh  day  of  the  seven  day  period,  and  on  the 
second  and  fifth  day  of  the  sixth  day  period,  corresponding 
with  the  times  of  greatest  frequency  of  minima  previously 
given. 

The  next  step  in  the  investigation  was  to  study  the  periods 
from  the  synoptic  weather  charts  of  the  United  States.  There 
were  two  methods  used,  one  the  statistical,  and  the  other  the 
stndy  of  consecutive  individual  storms. 

Tne  average  movement  of  storms  in  the  United  States  is 
aboat  15^  of  longitude  a  day  toward  the  east ;  and  if  the  space 
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between  40°  and  50°  N.  lat.  be  divided  into  intervals  of  thia 
length  there  are  formed  approximate  squares  the  sides  of 
which  are  from  700  to  800  miles  in  length.  The  space  be- 
tween 65°  and  105°  W.  Ion.  was  divided  up  into  three  of  these 
squares ;  and  Mr.  Arthur  Sweetland,  an  assistant,  counted  the 
number  of  storms  central  in  each  square  on  each  day  of  the 
six  and  seven  day  periods  during  the  seven  years  1886  to 
1892,  inclusive.  The  results  are  shown  in  the  accompanying 
table. 

The  numbers  of  storms  central  between  latitudes  40°  and  SO"  K.  in  sections  of  tS"  of 

longitude  during  the  seven  years  1886-92. 


Seven  Day  Period. 

Six  Day  Period. 

Long. 

Long. 

Long. 

Long. 

Lonnr. 

Long. 

Day. 

QO^-IOS** 

IS'-GO" 

60''-75*' 

Day. 

OO'^-IOS" 

76''-90'' 

60M5* 

1 

66 

86 

76 

6 

68 

102 

92 

2 

52 

98 

77 

1 

58 

Itl 

93 

3 

49 

97 

92 

2 

69 

97 

102 

4 

58 

73 

86 

3 

59 

lOS 

93 

5 

55 

96 

80 

4 

74 

101 

105 

6 

66 

86 

92 

5 

62 

101 

97 

7 

53 

87 

77 

It  is  seen  from  this  table  that  there  were  two  distinct 
maxima  of  frequency  in  each  square,  and  the  maxima  occurred 
successively  one  day  later  for  each  15°  of  longitude  eastward. 
This  corresponds  exactly  with  the  average  eastward  move- 
ments of  storms  in  the  United  States,  and  indicates  that  the 
periodicities  in  question  arise  from  a  regularity  in  the  origin 
and  eastward  drift  of  ordinary  cyclones.  When  the  time  is 
separated  into  two  intervals,  namely,  from  1886-1888,  and 
1889-1893,  the  same  double  maxima  are  found,  and  also  the 
later  occurrence  of  the  maxima  in  the  eastern  squares.  How- 
ever, in  the  seven  day  period  the  corresponding  maxima  in 
each  case  occur  on  the  average  0*46  day  earlier  in  the  interval 
1886-1888  than  in  the  interval  1889-93,  showing  that  the 
length  of  the  period  used  was  about  0*03  hr.  shorter  than  the 
true  length  which  would  be  7d.  6*43  hr.  The  two  intervals  in 
the  case  of  the  six  day  period  showed  that  the  most  probable 
length  of  the  period  was  6d.  3*94  hrs.  When  the  space  be- 
tween latitudes  30°  and  40°  is  divided  into  squares  correspond- 
ing with  those  between  latitudes  40°  and  50°,  the  chief  maxima 
are  found  on  the  same  days  as  in  the  corresponding  longitude 
farther  north,  showing  that  the  displacement  of  the  maxima 
is  one  of  longitude  and  not  of  latitude. 

To  study  the  question  of  periodicity  in  the  case  of  succeed- 
ing individual  storms,  the  charts  of  the  U.  S.  Weather  Review 
showing  the  position  of  the  storms  at  8  A.  M.  and  8  P.  M.  and 
the  directions  of  their  tracks  were  carefully  examined.  It 
was  found  that  during  intervals  of  about  27  days,  correspond- 
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ing  with  a  Bolar  rotation,  the  storm  tracks  were  found  in 
groups,  in  each  of  which  the  cjclonee  all  followed  the  same 
general  direction,  and  were  separated  from  each  other  by 
iDtervalB  of  six  or  seven  days,  or  in  some  cases  by  half  these 
intervals. 

During  each  interval  of  27  days  one  of  the  periods  alone 
was  paramount,  either  the  seven  day  or  the  six  day,  as  the 
case  might  be,  and  this  period  ran  through  all  tlie  groups.  In 
many  of  the  groups  the  storms  followed  each  other  along  such 
approximately  parallel  tracks  that  even  the  irregular  bends  in 
the  tracks  were  the  same  in  all.  One  of  the  27  day  intervals 
began  during  the  first  week  in  May,  1891,  and  the  chart  of 
storm  tracks  drawn  by  the  United  States  Weather  Bureau  for 
that  month  is  here  reproduced  as  furnishing  a  good  illustration 
of  the  phenomena  under  discussion.  On  this  chart  small 
circles  show  the  position  of  the  storm  centers  at  8  a.  m,  and 
&  F.  u.,  and  the  figures  above  tliese  circles  give  the  days  of  the 
month. 


It  is  seen  from  this  chart  that  the  storms  distinctly  divided 
themselves  into  two  groups,  one  beginning  in  British  America 
and  pursuing  the  usual  course  across  the  great  lakes,  and  the 
other  bejifinning  near  the  Atlantic  seaboard  and  taking  a  very 
DQuenal  course  toward  the  south.  It  is  seen  that  the  succeed- 
ing storms  in  each  group  followed  each  other  so  closely  that 
the  irregular  bends  in  their  tracks  are  approximately  the  same 
in  all.  But  what  is  of  especial  interest  here  is  the  approxi- 
mately regular  interval  of  seven  days  between  the  succeeding 
storms.     For  example  in  the  northern  group  of  storm  tracks, 
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as  points  which  can  be  easily  determined,  take  first  the  most 
southern  point  reached  by  the  storms  in  their  sudden  deflec- 
tion southward  in  the  Missouri  River  valley,  next  the  time  of 
their  sudden  bend  northward  in  the  eastern  lake  region,  and 
thirdly  the  most  northern  point  reached  before  turning  south- 
ward near  the  mouth  of  the  St.  Lawrence  River.  The  ob- 
served times  the  storms  were  at  these  points  and  the  times  cal- 
culated from  the  assumption  of  exactly  equal  intervals  of  7d.  6*5 
hrs.  were  as  follows  : 


I. 


II. 


III. 


ObBcrved. 

1 

Calculated. 

May   8, 

8  p.  M. 

May   8, 

6  P.  M. 

•'     14, 

8  p.  M. 

ii 

16, 

12  P.  M. 

"     19, 

8  p.  M. 

"     23, 

8  p.  M. 

(( 

23, 

*l  A.  M. 

"     30, 

8  A.  M. 

(( 

30, 

1  P.  M. 

May  10, 

8  A.  M. 

(( 

10, 

8  A.  M. 

"     16, 

8  p.  M. 

ii 

n, 

2  P.  M. 

"     21, 

8  p.  M. 

"     24, 

8  p.  M. 

ii 

24, 

9  P.  M. 

June  1, 

8  A.  M. 

June  1, 

3  A.  M. 

May  10, 

8  P    M. 

May  1 0, 

8  P.  M. 

"     17, 

8  p.  M. 

.( 

n, 

1 2  P.  M. 

"     22, 

8  A.  M. 

»k 

25, 

7  A.  M. 

"     26, 

8  A.  M. 

June  2, 

8  A.  M. 

June  1, 

1  P.  M. 

In  the  southern  group  of  storms,  the  times  of  beginnings 
and  of  the  most  southern  positions  reached  may  be  taken  as 
points  for  comparing  the  times  of  occurrence  of  the  storms 
with  the  times  computed  on  the  assumption  of  exact  regularity 
in  the  intervals  between  them.     The  results  are  as  follows  : 


Ob«eryed. 

Calculated. 

Observed. 

Calculated. 

May    4,  8  p.  m. 

"     11,  8  p.m. 

(i 

"     26,  8  Km. 

May    4,    2  p.  M. 
''      11,    8  p.m. 
"       19,     3  A.  M. 
'•      26,  10  A.  M. 

May    6,  8  a.  m. 
"     13,  8  P.  M. 

"     28,  8  P.M. 

May    6,  8  a.  m. 
"     13,  2  P.  M. 
"     20,  9  p.  M. 
"     28,  3  A.  M. 

The  storm  tracks  arrange  themselves  into  new  groups  at  the 
end  of  intervals  averaging  slightly  less  than  27  days,  and  pre- 
sumably corresponding  with  a  solar  rotation.  The  preceding 
chart  gives  only  one  of  many  striking  instances  which  might 
be  given  showing  the  arrangement  of  the  storms  in  groups, 
and  the  approximate  regularity  of  the  intervals  between  the 
storms. 

Surely  no  one  can  believe  all  the  data  here  presented  acci- 
dental, and  no  unfavorable  data  have  been  suppressed.  There 
is,  however,  one  source  of  difliculty  in  investigating  and 
understanding  these  periods,  and  that  lies'  in  the  fact  that, 
besides  these  frequent  divisions  of  the  six  and  seven  day 
periods  into  periods  of  half  these  lengths,  they  are  clearly 
associated  with  others  of  greater  lengths.     The  shortest  of 
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these,  however,  appear  to  be  multiples  of  six,  or  seven  days. 
In  the  Meteorologische  Zeitschrift  for  February,  1886,  p.  49, 
Magelssen  has  pointed  out  a  periodicity  in  the  temperature  of 
about  12  days,  combined  with  another  of  about  50  days. 
Balfour  Stewart  claimed  the  existence  of  a  period  of  about  24 
days  (Nature,  1879-81).  If  these  periods  are  arranged  in 
sequence  with  the  three  and  six  day  periods,  there  is  found  a 
geometrical  progression  as  follows,  3,  6,  12,  21:,  50. 

The  present  writer  has  several  times  found  examples  in  the 
United  States  of  Periods  in  th^  pressure,  temperature  or  rain- 
fall of  about  14,  21,  and  30  days  (American  Meteorological 
Journal,  June,  1885,  p.  87;  and  Feb.,  1886,  d.  429.)  Again 
there  appears  a  geometrical  progression  as  follows,  3J,  7^  14, 
21,  29  or  30. 

In  this  way  there  appears  to  be  an  analogy  to  the  phe- 
nomena of  sound.  The  six  and  seven  day  periods  may  be  con- 
sidered the  primary  notes  and  the  periods  of  2,  3,  4,  6,  6,  etc., 
times  these  lengths  whose  amplitude  of  oscillation  decreases 
in  proportion  to  their  length  may  be  considered  as  harmonics. 
The  variations  in  the  weather  are  made  up  by  the  variations  in 
intensity  of  these  components. 

The  causes  of  these  periodicities  are  not  clear ;  but  the  fact 
that  they  have  definite  and  rigid  lengths  renders  it  almost  cer- 
tain that  they  are  connected  with  some  physical  or  astronomical 
period,  or  periods.  The  breaks  in  the  six  and  seven  day  periods, 
and  the  redistribution  of  storm  tracks  correspond  so  closely  with 
the  accepted  length  of  a  solar  axial  rotation  as  to  make  it 
extremely  probable  that  there  is  a  connection  between  the 
two.  In  this  case  the  sun  may  perhaps  be  considered  in  the 
light  of  a  tuning  fork  which  sets  up  the  periodic  oscillations. 
The  same  is  probably  true  of  the  11  year  sunspot  period. 

The  periodic  phase  of  meteorological  phenomena  is  undoubt- 
edly complex,  and  much  is  yet  to  be  cleared  up  and  solved ; 
but  even  the  present  knowledge  can  be  used  with  considerable 
success  in  forecasting,  as  demonstrated  by  a  practical  test.  See 
the  American  Meteorological  Journal,  February,  1886,  p.  429. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  Cryohydric  Temperatures, — The  experiments  of  Guth- 
rie on  the  cryohydric  points  of  systems  of  mixed  salts,  have 
been  repeated  and  the  results  discussed  by  Schbehstemakbbs. 
He  finds  that  when  the  two  salts  do  not  form  a  double  salt,  the 
cryohydric  point  of  the  mixture  is  lower  than  the  cryohydric 
point  of  a  solution  in  equilibrium  with  either  of  the  salts  sepa- 
rately. Moreover  when  a  double  salt  is  formed  and  this  salt  de- 
composes on  solution,  such  for  example  as  Pbl^,  KI,  (H^O),,  the 
cryohydric  temperature  of  a  solution  in'  equilibrium  with  the 
double  salt  and  one  of  its  components  is  lower  than  the  cryo- 
hydric temperature  of  a  solution  in  equilibrium  with  this  com- 
ponent alone;  and  the  cryohydric  point  of  a  solution  in  equilib- 
rium with  the  double  salt  and  the  component  which  is  not  depos- 
ited is  lower  than  that  of  a  solution  in  equilibrium  with  the 
double  salt  and  the  component  which  is  deposited.  Again  if  the 
double  salt  formed  dissolves  homogeneously  without  decomposi- 
tion, as  is  the  case  for  example  with  CuS0/NHJ,SO^.(H,0)„ 
the  cryohydric  temperature  of  a  solution  in  equilibrium  with  the 
double  salt  and  one  of  its  components  is  lower  than  the  cryohy- 
dric temperature  of  a  solution  of  the  double  salt  alone. — 2kitschr. 
Physikal,  Chem,^  xii,  73,  July,  1893.  g.  p.  b. 

2.  On  the  use  of  Phenanthrene  as  a  Solvent  in  Cryoscopic  de- 
terminations,— In  determining  cryoscopically  the  molecular  mass 
of  indole  in  a  naphthalene  solution  Gabelli  and  Fbbbatini 
obtained  anomalous  results  which  they  attributed  to  the  forma- 
tion of  solid  solutions  of  indole  in  the  crystallizing  hydrocarbon; 
this  formation  being  influenced  apparently  by  the  similarity  in 
constitution  between  the  two.  To  test  this  hypothesis,  they  ex- 
amined a  liquid  solution  of  carbazole  in  phenanthrene,  and  found 
that  the  crystals  which  separate  on  cooling  this  solution,  contain 
a  large  quantity  of  the  dissolved  substance,  amounting,  when  the 
solution  contained  7*5  per  cent  of  carbazole,  to  11*42  percent. 
Other  things  being  equal,  however,  the  authors  regard  phenan- 
threne a  better  solvent  than  naphthalene  for  use  in  determining 
molecular  masses  by  the  cryoscopic  method  ;  since  its  high  depres- 
sion constant,  120,  makes  it  possible  to  obtain  accurate  results 
with  very  dilute  solutions  and  its  lower  volatility  renders  it 
easier  of  manipulation. —  Gazetta  Chim,  Italy  xxiii,  (1)  442;  /. 
Chem,  Soc.y  Ixiv,  ii,  512,  Nov.  1893.  g.  p.  b. 

3.  On  the  Vapor-pressures  of  solutions  of  Sulphur  and  Phos- 
phorus in  Carbon  disulphide, — By  enclosing  solutions  of  sulphur 
and  of  phosphorus  in  carbon  disulphide,  in  a  space  exhausted  by 
a  Sprengel  pump,  and  measuring  the  vapor-pressure  by  means  of 
a  manometer,  Gugleelmo  has  determined  the  molecular  masses  of 
these  elements.    At  ordinary  temperatures,  a  glass  apparatus  was 
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used,  consisting  of  two  bulbs,  one  to  contain  pure  carbon  disulphide, 
the  other  to  bold  the  solution ;  these  vessels  being  provided  with 
mercury  traps  by  which  they  could  be  isolated  from  each  other 
and  from  the  pumps.  The  vapor  pressure  of  the  pure  carbon 
disulphide  was  first  determined,  then  that  of  the  solution ;  the 
ratios  of  the  differences  of  the  two  pressures  to  the  vapor-pres- 
sure of  carbon  disulphide  at  the  corresponding  temperatures 
being  proportional  therefore  to  the  number  of  dissolved  mole- 
cules per  unit  of  solution.  The  experiments  with  sulphur  were 
conducted  between  0°  and  13*8°  and  show  that  for  solutions  up  to 
20  per  cent,  the  molecular  depression  corresponds  to  a  sulphur 
molecule  containing  8  atoms  for  the  more  dilute,  and  containing  9 
atoms  for  the  less  dilute,  solutions.  For  phosphorus  the  vapor- 
pressures  were  measured  at  0°,  several  solutions  being  employed. 
The  molecular  depressions  observed  corresponded  approximately 
to  a  tetratomic  molecule,  in  the  case  of  a  3  per  eent  solution  ;  in- 
creasing somewhat  as  the  solution  was  made  stronger. — Real, 
Accad.  Lincei,  ii,  210,  1892;  J',  Chem,  Soc.^  Ixiv,  ii,  611,  Nov. 
1893.  G.  F.  B. 

4.  On  the  Influence  of  Heat  on  Chemical  Reactions.  —  An 
elaborate  investigation  has  just  been  made  by  Lemoinb  upon  the 
influence  of  heat,  unaffected  by  that  of  light,  on  the  reactions 
which  take  place  in  aqueous  solutions  containing  ferric  chloride 
and  oxalic  acid.  When  these  substances  are  present  in  equiva- 
lent proportions,  the  interaction  is  irreversible  and  proceeds 
according  to  the  equation 

(Fed.),  +  H,C,0,= (Feci),  +  (nCl),+(CO,), 

The  rate  at  which  decomposition  takes  place  at  any  temperature 
is  found  to  follow  the  well  known  law  of  mass  action,  which 
states  that  the  amount  of  substance  which  is  being  decomposed 
at  any  instant  is  proportioned  to  the  amount  of  unchanged  sub- 
stance contained  in  imit  volume  of  the  solution.  The  concentra- 
tion remaining  the  same,  the  rate  of  change  is  found  to  vary 
markedly  with  variation  in  temperature.  For  example,  while 
0'16  of  the  original  amount  of  substance  was  decomposed  at  100°, 
in  one  hour,  it  was  found  that  at  ordinary  temperatures  only  0*019 
equivalent  had  reacted  after  six  years.  Water  accelerates  the 
speed  of  change  according  to  a  law  which  varies  slightly  with 
the  temperature.  A  slight  excess  of  oxalic  acid  also  accelerates 
it,  but  a  large  excess  either  of  oxalic  acid  or  of  ferric  chloride 
retards  it;  while  an  excess  of  concentrated  hydrochloric  almost 
completely  arrests  it.  The  author  has  studied  both  chemically 
and  thermochemically  the  effects  which  these  and  other  foreign 
substances  have  upon  the  course  of  the  simple  reaction  and  finds 
that  they  may  be  explained  by  the  production  of  secondary  reac- 
tions.— AmK  Chim.  Phys.,  VI,  xxx,  289,  Nov.  1893.       g.  f  b. 

6.  Motochemistry  or  Stereochemistry, — The  term  *'  motochem- 
istry"  has  been  proposed  byJVloLiNARi  to  indicate  the  view  that 
the  constitution  of  compounds  depends  on  the  intramolecular 
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movements  of  the  atoms  in  relation  to  each  other,  rather  than  on 
the  relative  positions  of  the  atoms  in  space,  which  is  the  funda- 
mental hypothesis  of  "  stereochemistry."  The  new  view  regards 
the  bonds  by  which  the  union  of  atoms  is  customarily  represented, 
as  signifying  the  nature  of  the  swing  of  the  atoms  with  relation 
to  each  other,  i.  e.,  their  energy.  Thus  doubly  linked  and  singly 
linked  carbon  atoms  are  of  different  value  in  respect  to  the  energy 
of  their  movement  with  regard  to  each  other,  and  double  or  treble 
bonds  signify  excess  of  energy,  ready  to  be  exerted  in  saturating 
the  compound.  This  hypothesis  the  author  applies  to  the  benzene 
ring  and  shows  that  only  one  ortho-bi-substitution  product  is  pos- 
sible. Motoisomerism  involves  asymmetry  but  the  terra  must  be 
used  in  a  greatly  extended  sense,  the  phenomenon  depending  on 
the  mass  and  valence  of  the  atoms  or  atomic  groups  3.3  well  as  on 
their  number  and  nature.  Moioisomerides  will  exist  in  those 
cases  in  which  it  is  possible  for  the  order  of  approach  of  the  asym- 
metrical carbon  atom  (taken  in  this  sense)  to  vary  toward  the 
neighboring  atoms.     In  the  case  of  benzil-monoxime 

COPh.C=^^^^ 

for  example,  it  is  possible  for  two  motoisomerides  to  exist ;  for  if 
the  swing  between  carbon  and  carbon  be  designated  by  a  and 
that  between  carbon  and  nitrogen  by  6,  these  isomerides  will  be 
represented  (1)  by  a,  a,  ^,  ^,  and  (2)  by  a,  6,  a,  h. — J,  prak, 
Chemie,  II,  xlviii,  113  ;  J'.  Chem.  Soc.^  xliv,  ii,  613,  Nov.  1893. 

G.  F.  B. 

6.  On  the  Densities  of  Oxygen^  Hydrogen  and  Nitrogen. — The 
densities  of  oxygen,  hydrogen  and  nitrogen  have  been  determined 
with  great  care  by  Lord  Kayleigh.  The  oxygen  was  prepared 
by  three  different  methods  :  (1)  from  chlorates,  (2)  from  potas- 
sium permanganate  and  (3)  by  electrolysis.  The  air  was  taken 
from  outside  and  was  passed  through  potash  solution,  then 
through  tubes  filled  with  fragments  of  solid  potash  and  finally 
over  phosphoric  oxide.  The  nitrogen  was  prepared  by  passing 
air  through  a  potash  solution,  over  reduced  copper,  then  through 
a  U-tube  to  deposit  water  again  over  heated  copper  and  finally 
over  heated  copper  oxide.  The  values  of  the  densities  of  oxygen, 
nitrogen  and  hydrogen  respectively,  as  compared  with  those 
obtained  by  other  experiments,  all  referred  to  that  of  air  as  unity 
are  given  in  the  following  table  : 

Oxygen.  Nitrogen.         Hydrogen. 

Regnault  (corr.) 1-10562  0-97138  0*06949 

V.  Jolly  (cor r.) 1-10502  0-97245  

Leduc 1-1050  0-9720  0*06947 

Rayleigh 1-10535  0*97209  0-06960 

Mean 1-1052«         0-97218         0-06952 
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The  density  of  hydrogen  was  calculated  from  that  of  oxygen 
using  the  ratio  15*882.  The  mean  of  the  best  densities  under 
standard  conditions  referred  to  water  at  4°  as  1000;  i.  e.  the 
mass  of  one  liter  in  grams,  therefore,  is  found  to  be : 

Air.  Oxygen.  Nitrogen.  Hydrogen. 

1-29347  1-42961  1-25749  0*08991 

— Ptoc.  Roy,  8oc,^  liii,  134,  1893.  g.  p.  b. 

7.  On  Free  Hydroxylamine. — An  improved  method  of  prepar- 
ing free  hydroxylamine  has  been  devised  by  Bruhl,  which  is  not 
only  safer  than  those  heretofore  used,  but  gives  a  larger  yield. 
It  is  based  on  the  reaction  of  hydroxylamine  hydrochloride  upon 
sodium  methylate,  both  being  dissolved  in  methyl  alcohol;  a 
reaction  first  made  use  of  by  Lobry  de  Bruyn.  After  separating 
the  methyl  alcohol  solution  from  the  precipitated  salt,  Brtlhl 
transfers  it  to  a  modified  form  of  his  well  known  apparatus  for 
fractional  distillation  in  vacuo,  consisting  of  a  distillation  flask 
provided  with  a  thermometer  and  an  entrance  tube  furnished 
with  a  tap,  a  condenser  and  a  multiple  receiver  by  which  a  rapid 
change  of  receptacles  may  be  made  during  the  distillation  without 
impairing  the  vacuum.  The  pressure  in  the  flask  is  reduced  to 
the  lowest  possible  amount  and  the  distillation  is  effected  by  im- 
mersing the  flask  in  hot  water.  In  this  way  and  under  a  pressure 
of  22™™  of  mercury,  the  hydroxylamine  passes  over  completely  at 
56®— 57°.  The  condenser  is  supplied  with  ice  water  and  the  re- 
ceiver is  surrounded  with  ice  and  salt;  so  that  each  drop  of 
hydroxylamine  solidifies  at  once  as  it  enters  the  receiver ;  the 
yield  being  66  per  cent  of  the  theoretical.  At  the  temperature  of 
28-5°  its  density  is  1*2044.  Its  refractive  index  for  the  red  line 
of  lithium  is  1-4375  and  for  the  Hy  line  1-4514.     The  author  has 

proved  that  the  constitution  of  hydroxylamine  is  tt^N— O— H 

and  has  shown  that  the  molecular  refraction  and  dispersion  of  the 
nitrogen  present  in  it  is  the  same  as  that  of  the  nitrogen  in  ammo- 
nia gas  and  much  lower  than  that  of  the  nitrogen  in  triethylamine ; 
the  probable  values  of  these  constants  of  nitrogen,  linked  in  this 
manner,  for  sodium  light,  being  2*495  and  0*072  respectively. — 
Jier.  Berl,  Chem.  Ges,^  xxvi,  2508,  Nov.  1893.  g.  f.  b. 

8.  On  a  New  Sulphide  of  Carbon, — A  new  compound  of  sul- 
phur and  carbon,  having  the  composition  C,S,  has  been  prepared 
by  VON  Lengyel  by  submitting  the  vapor  of  carbon  disulphide 
to  the  action  of  the  electric  arc.  The  disulphide  was  contained 
in  a  flask  and  the  arc  carbons  crossed  a  globe  sealed  above  it,  fur- 
nished with  an  upward  condenser.  The  flask  was  heated  on  a 
water  bath  and  the  vapor  exposed  for  two  hours  to  the  arc.  A 
deep  cherry  red  liquid  remained  in  the  flask,  which  was  treated 
for  a  week  with  copper  turnings  to  remove  the  free  sulphur.  The 
disulphide  was  then  evaporated  in  a  current  of  dry  air  and  left  a 
few  cubic  centimeters  of  a  deep  red  liquid,  possessing  a  powerful 
odor,  a  mere  trace  of  which  produces  a  copious  flow  of  tears,  ac- 
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companied  by  violent  and  persisteDt  catarrh  of  the  eyes  and 
mucous  membrane.  The  specific  gravity  of  this  new  sulphide  iB 
1'2'739.  When  heated  it  polymerizes  into  a  hard  black  substance, 
having  the  same  composition.  It  can  be  partially  distilled  in 
vacuo  at  60°,  but  even  then  a  small  portion  polymerizes.  In  a 
few  weeks,  the  liquid  spontaneously  changes  into  the  black  form. 
This  form  is  soluble  in  caustic  alkalies  and  is  reprecipitated  un- 
changed by  acids.  On  heating  it  yields  an  inflammable  gas  con- 
taining sulphur  which  is  not  carbon  disulphide. — Ber,  BerL  Chem. 
Ges.y  XX vi,  2960,  January,  1894.  G.  f.  b. 

9.  Emission  of  Gases, — F.  Paschen  shows  that  previous  ob- 
servers have  neglected  to  take  into  account  a  marked  absorption 
effect  of  CO,.  He  finds  that  a  7^™  thick  layer  of  this  gas  absorbs 
all  the  light  of  the  wave-length  of  the  main  absorption  band. 
The  amount  of  CO,  and  H,0  in  a  83*^°^  thick  layer  of  the  air  of  a 
room  is  sufficient  to  produce  sharp  absorption  bands.  This 
phenomenon  is  the  source  of  error  in  Angstrom's  determination 
of  the  absorption  of  CO,,  and  apparently  also  in  Rubens  and 
Snow's  determination  of  the  dispersion  curve  of  fluor  spar,  and  in 
their  research  upon  the  dependence  of  the  emission  of  a  solid  body 
upon  the  temperature.  A  comparison  of  Paschen's  results  with 
those  of  Angstrom,  shows  that  the  absorption  coefficient  of  the 
latter  must  be  doubled.  CO,  shows  no  absorption  in  the  portion 
of  the  spectrum  in  which  its  absorption  bands  do  not  lie. 
Oxygen  and  nitrogen  in  layers  a  decimeter  thick  and  under 
atmospheric  pressure  show  no  absorption  bands.  —  Ann.  der 
Physik  xmd  Chemie^  pp.  1-39,  No.  1,  1894.  j.  t. 

10.  Apparatus  for  study  ing  and  shotoing  electrical  resonance,-- 
A.  RiGHi  has  succeeded  in  obtaining  electrical  waves  of  7*6*^  in 
lengtli.  His  oscillator  consists  of  two  straight  brass  cylinders 
which  are  terminated  at  both  ends  with  spheres  4*^™  in  diameter. 
The  entire  length  of  the  exciter  with  the  bulb  is  62*".  Upon  this 
two  circular  copper  discs  of  34*5  diameter  can  be  adjusted.  They 
are  generally  placed  43^*"  distant  from  each  other.  Both  middle 
spheres  between  which  spring  sparks  of  from  2  to  6™"*  length, 
are  placed  in  a  glass  vessel  filled  with  a  thick  mixture  of  vcue- 
linol  and  vaseline.  Opposite  to  the  two  outer  spheres  stand  two 
other  spheres  which  are  connected  with  the  poles  of  an  electrical 
macliine,  from  which  the  Leyden  jars  are  removed.  The  resona- 
tor consists  of  a  circle  of  copper  wire  of  57°™  in  diameter  closed 
by  a  small  Geisslcr  tube  which  was  selected  out  of  a  large  num- 
ber, and  was  so  sensitive  that  it  lighted  at  a  distance  of  6°*  from 
the  exciter  and  so  brilliantly  that  the  interferences  between  elec- 
trical waves,  propagation  of  these  waves  along  wires,  and  allied 
phenomena  could  be  shown  to  an  audience.  For  very  short 
waves,  the  exciter  consisted  of  four  brass  spheres  1*36°™  in  diam- 
eter which  were  placed  over  each  other.  The  upper  and  under 
were  connected  with  the  electrical  machine,  the  two  middle 
ones,  capable  of  adjustment,  were  mounted  in  a  vessel  filled  with 
a  mixture  of  vaselinol  and  vaseline.     The  resonators  consisted  of 
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strips  of  silvered  glass,  through  the  middle  of  which  a  scratch  of 
about  0*002™™  breadth  was  made  in  the  silver  surface.  This 
scratch  served  as  a  spark  gap.  An  investigation  was  made  upon 
the  absorption  of  electrical  waves  by  different  substances.  Ebo- 
nite, parafine  and  rock  salt  showed  no  absorption.  Green  glass, 
qnartz-selenite  and  olive  oil  showed  clearly  absorption. — Rendie^ 
R,  Ace.  dei  Lincei,  (6)  2,  1  Series,  pp.  505-518,  1893.  j.  t. 

II.     Geology  and  Mineralogy. 

1.  On  the  Devonian  ( Oriskany)  in  the  Southern  Appalachians; 
by  C.  WiLLARD  Hates,  U.  S.  Geological  Survey.  (Communi- 
cated.)— In  a  letter  written  in  January,  1891,  concerning  the 
Devonian  rocks  of  the  Southern  Appalachians  I  made  the  follow- 
ing statements :  "  In  the  highly  faulted  region  between  Weisner 
and  Indian  mountains,  in  Alabama,  are  some  coarse  ferruginous 
sandstones  which  appear  to  rest  directly  on  the  Rockmart  slate 
(presumably  of  Trenton  or  Hudson  age][,  without  any  intervening 
rocks  corresponding  to  the  Rockwood  formation  further  north. 
Fossils  have  been  collected  in  this  ferruginous  sandstone  concern- 
ing which  Mr.  Walcott  in  a  letter  to  Mr.  Russell  says :  *  The 
fossils  collected  by  Mr.  Cooper  Curtice  in  a  sandstone  on  the  side 
of  Frog  Mountain,  Ala.,  include  Zaphrentis  sp.  ?,  Chaetetes  com- 
planata  f^  Spirifera  arenosa  .^,  S.  arrecta  f,  Pterinea  f  sp.  ?,  Platy- 
ceras  sp.  ?  All  of  the  specific  determinations  are  uncertain,  as 
the  material  is  not  in  a  satisfactory  condition,  but  the  horizon  of 
the  Oriskany  sandstone  is  strongly  suggested  by  the  general 
facies  of  the  fauna.'  The  following  species  which  Mr.  Russell 
collected  at  Frog  Mountain  were  also  determined  by  Mr.  Wal- 
cott, '  Horizon  of  the  Oriskany  sandstone  of  the  New  York  sec- 
tion; Zaphrentis  sp.?,  Orthis  musculosaf ^  Spirifer  arenosa^  Con- 
rad, Pentamerus  cast  like  that  of  jP.  ohlongus^  ConocardiumJ* 

"  A  few  miles  south  of  Cedartown,  Ga.,  the  stratigraphic  rela- 
tions are  shown  better  than  in  the  disturbed  region  about  Frog 
Mountain  though  no  fossils  have  been  collected.  Resting  on  the 
Rockmart  slate  is  a  bed  of  sandstone  not  more  than  twenty  feet 
thick,  and  upon  this  is  a  fossiliferous  chert  which  I  assumed  to  be 
the  Fort  Payne  (Carboniferous).  There  may  be  an  unconformity 
above  the  sandstone  or  below  it  or  both." 

During  the  past  season  this  region  was.  re-examined  and  some 
farther  conclusions  reached,  which  may  be  of  interest  to  you.  No 
fossils  in  addition  to  those  mentioned  above  were  collected,  so 
that  the  question  of  the  age  of  these  rocks,  in  so  far  as  it  depends 
on  palaeontologic  evidence,  remains  essentially  as  in  1891.  Their 
relations  to  underlying  formations,  however,  are  better  under- 
stood. The  sandstones  in  question  at  present  rest  unconformably 
upon  all  older  formations  of  the  region,  from  the  Middle  Cam- 
brian up  to  the  top  of  the  Lower  Silurian.  In  studying  a  region 
so  extensively  faulted  as  that  between  Weisner  and  Indian  Moun- 
tains, the  natural  tendency  is  to  attribute  all  unconformities  to 
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faulting.  And  especially  is  it  difficult  to  discriminate  between 
the  broad  horizontal  thrusts  which  occur  there  and  deposition 
overlaps.  The  work  of  the  past  summer  has  enabled  me  to  make 
this  discrimination  in  many  cases,  and  has  convinced  me  that  the 
unconformity  observed  between  the  sandstone  and  underlying 
formations  is  due  generally  to  deposition  overlap  and  not  to 
faulting.  This  implies  a  long  period  of  deformation  and  erosion 
between  the  time  represented  by  the  Rock  mart  slate  (probably 
Hudson  River)  and  the  Frog  Mountain  sandstone,  an  interval 
represented  elsewhere  by  the  deposition  of  the  Rockwood  (Clin- 
ton, etc.)  which  formation  to  the  southward  contains  heavy  beds 
of  conglomerate.  This  conclusion  also  strengthens  the  view,  sug- 
gested by  the  fossils  mentioned  above,  that  the  sandstones  of 
Frog  Mountain  are  of  Devonian  (Oriskany)  age.  The  uplift 
which  occasioned  the  unconformity  appears  to  have  been  along  a 
N.W.-S.E.  axis  with  rather  sharp  folds  transverse  to  the  axis  of 
uplift  and  in  a  general  way  coinciding  with  folds  and  faults 
developed  at  a  much  later  date. 

2.  Marine  shell  fragmettts  in  drumlina  near  Boston;  by 
Warren  Upham.  (Communicated.) — ^The  very  interesting  paper 
by  Mr.  R.  E.  Dodge  in  the  February  number  of  this  Journal 
(pp.  100-104)  draws  attention  to  the  greater  number  of  species 
of  Pleistocene  fossils  found  in  the  section  of  Winthrop  Great 
Head  than  in  any  other  drumlin  of  the  Boston  Harbor  area.  This 
is  true,  but  in  a  less  degree  than  is  supposed  by  Mr.  Dodsre,  as  I 
am  able  to  state  from  unpublished  observations  by  Mr.  Warren 
W.  Herman  of  Boston,  and  from  a  recently  published  memoir  by 
Prof.  W.  O.  Crosby  (Geology  of  the  Boston  Basin,  vol.  i.  Part  I, 
Nantasket  and  Cohasset,  in  Occasional  Papers  of  the  Bo8ton 
Society  of  Natural  History,  vol.  iv,  1893).  During  the  summer 
of  1891  Mr.  Herman  spent  much  time  in  Winthrop  in  search  for 
these  marine  shells,  occurring  chiefly  as  glacially  broken  frag- 
ments, in  the  drumlin  sections  of  Great  Head  and  Grover's  Cliff; 
and  he  succeeded  in  finding  in  each  of  these  hills  eight  of  Dr. 
Stimpson's  original  list  of  fourteen  species.  Six  of  this  list, 
namely,  the  first,  second,  sixth,  and  the  final  three,  as  given  by 
Mr.  Dodge  on  page  100,  were  not  certainly  identified.  The 
most  noteworthy  difference  between  these  fossils  common  to  the 
two  sections,  as  shown  by  Mr.  Herman's  collections,  is  the  fre- 
quency of  My  a  arenaria  in  Great  Head,  while  it  is  very  rare  in 
Grover's  Cliff.  In  the  Great  Head  section  he  also  found  frag- 
ments of  young  specimens  of  IScapharca  transversa^  several 
small  specimens  (about  ^  inch  lon^)  of  a  Lunatia^  one  speoimen 
of  Buccinum  undatum  (evidently  dead  and  worn,  as  if  cast 
ashore  from  outer  and  deep  water,  before  it  was  enclosed  in  the 
till),  one  small  Ilyanassa  obsoleta,  and  one  Grepidala  plana  Say, 
the  last  being  lodged  inside  a  shell  of  the  Urosalpinx  cinerea. 
Three  of  these  additional  species,  and  probably  also  the  lAinaiia^ 
are  remarkable  in  being  the  same  with  those  of  Mr.  Dodge. 
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From  three  drumlins  of  Nantasket,  namely,  Telegraph  Hill, 
Point  Allerton  Great  Hill,  and  Strawberry  Hill,  situated  five  to 
seven  miles  southeast  of  Winthrop,  Professor  Crosby  and  Mr. 
H.  D.  Card  have  collected  eleven  species,  the  first  locality  hav- 
ing eight ;  the  second  also  eight,  of  which  five  are  found  in  the 
first ;  and  the  third  five,  of  which  four  are  in  each  of  the  two 
other  sections.  Only  one  of  the^e  species,  Crucibulum  striatum 
Say,  found  only  in  Telegraph  Hill,  is  an  addition  beyond  the 
collections  of  Stimpson,  Doage,  and  Herman. 

The  section  of  the  Winthrop  Great  Head  has  the  highest  ver- 
tical extent,  and  therefore  affords  the  most  favorable  conditions 
for  the  preservation  of  the  shell  fragments,  among  all  the  sec- 
tions of  drumlins  in  the  Boston  Harbor  district,  excepting  only 
the  comparatively  inaccessible  sections  of  Great  Brewster  island. 
To  this  fact,  and  to  probably  more  frequent  and  persistent  search 
than  elsewhere,  we  must  ascribe,  as  I  think,  the  larger  list  of  its 
discovered  species,  rather  than  to  greater  abundance,  either  in 
numbers  or  in  species,  of  the  shells  originally  supplied  to  the 
drift  there. 

When  my  previous  paper  relating  to  these  fossils  was  contrib- 
uted to  this  Journal  in  May,  1 889,  I  considered  them  as  derived 
from  an  interglacial  fauna ;  but  it  now  seems  to  me  more  proba- 
ble that  there  was  no  great  retreat  and  re-advance  of  this  portion 
of  the  North  American  ice-sheet,  so  that  these  fossils,  and  the 
two  successive  faunas,  comprising  together  about  sixty  species,  at 
Sankaty  Head,  Nantucket,  would  be  preglacial.  None  of  these 
species,  however,  have  become  extinct,  or  undergone  important 
varietal  modification,  from  which  it  seems  certain  that  no  geo- 
logically long  period  has  elapsed  since  their  time.  In  other 
words,  if  they  are  preglacial,  the  Ice  age  here,  and  the  epeiro- 
genic  uplift  which  appears  to  have  produced  it  (this  Journal,  vol. 
xlvi,  pp.  114-121,  Aua:.,  1893),  so  far  as  it  affected  this  part  of 
our  coast,  were  each  brief.  The  uplift,  however,  farther  north- 
east and  north,  occupied  a  much  longer  time,  as  is  shown  by  the 
Fishing  Banks  and  the  northern  fjords,  after  which  I  think  that 
it  reached  to  the  latitudes  of  Boston,  New  York,  Delaware  Bay, 
and  beyond,  during  only  a  comparatively  short  stage,  when  its 
culmination  caused  the  accumulation  of  the  ice-sheet.  That  the 
temperature  of  the  sea  at  the  head  of  Massachusetts  Bay  was 
milder  than  now,  both  preceding  and  following  the  glaciation, 
may  probably  be  accounted  for,  in  part  or  wholly,  by  the  more 
enclosed  and  sheltered  position  of  this  bay  and  the  whole  coast 
of  eastern  New  England  and  the  eastern  provinces  of  Canada, 
due  to  greater  height  of  the  Fishing  Banks,  Newfoundland,  and 
the  region  of  the  Strait  of  Belle  Isle. 

III.    Botany. 

1.  Etude  BUT  la  constitution  de  Vappariel  fructfjicateur  des 
Sphenophyllum.  By  R.  Zkillbb.  M6m.  soc.  g6ol.  France,  pal6ont., 
^o.  11,  Paris,  1893,   pp.   1-39,  PI.  I-III.— Although  cones  of  a 


240  Scientijic  Intelligence. 

number  of  species  of  the  genus  Sphenophyllum  have  since  1804 
been  figured  by  various  authors,  and  latterly  with  partial  but  not 
always  accurate  demonstrations  of  their  structure,  the  conflict  of 
opinions  concerning  the  systematic  position  of  this  most  discussed 
genus  has  in  general  been  waged  on  the  evidence  furnished  by 
the  organization,  ramification  and  foliation  of  the  stems  and  by 
the  superficial  features  of  the  cones.  Recently,  however,  largely 
through  the  efforts  of  M.  Zeiller,  we  have  been  put  in  possession 
of  so  many  facts  regarding  the  structure  of  the  true  fructification 
of  the  genus  as  to  throw  great  light  on  its  relationship  to  tbe  rest 
of  the  vegetable  world. 

The    additional   details   of  the    organization   of   SowmanUes 
(Vblkmannia)  Dawsoni  Will.,  published,  not  long  ago,  by  Prof. 
Williamson,    (Oryranization   of   the   Fossil    Plants   of    tbe   Coal 
Measures,  Part  XVUI,  Philos.  Trans.  R.  Soc,  vol.  180,  B,  pp.  97- 
101),  so  impressed  M.  Zeiller  with  their  striking  similarity  to  those 
of  the  cone  of  S.  cuneifolium   (Stb.)  Zeill.    (aX  erosum  L.  and 
H.)  in  which  he  had  in  1888  (Fl.  foss.  bassin  houill.  Valenciennes, 
pp.  415-418,  PI.  LXIII,  f.  4,  5,  10)  detected  the  union  of  the  bracts 
m  the  verticil  and  the  position  of  the  sporangia  on  the  latter,  that 
he  reexamined  the  Valenciennes  material,  the  result  being  the 
announcement  in  the  "Comptes  Rendus"  for  July  11,  1892,  of 
his  identification  of  Bowmanites  Dawsoni  as  the  cone  of  Spheno- 
phyllum  cuneifolium.     This  correlation  of  a  cone,  the  structure 
of  which  has  been  so  far  worked  out  by  Williamson,  was  promptly 
admitted    by   the   latter   in    a  short   review   of  the    subject  in 
"Nature"  of  November  3,  1892  (pp.  11-13). 

In  the  present  memoir  M.  Zeiller  briefly  summarizes  the  re- 
searches of  Grand'Eury,  Renault,  and  especially  those  of  Will- 
iamson with  whose  published  results  he  makes  a  critical  and  thor- 
ough comparison  of  all  the  available  material.  Although  confined 
mostly  to  opaque  specimens  he  has  been  able  to  verify  nearly 
all  ot  Prof.  Williamson's  discoveries  regarding  the  position  and, 
to  some  extent,  the  structure  of  the  parts  of  the  cone,  besides 
contributing  much  that  is  new. 

Briefly  described,  the  cones  of  Sphenophyllum  cuneifolium^  the 
species  best  known,  are  5-1 0*^°*  or  more  in  length,  8—14"™  in 
width,  the  diameter  of  the  axis  and  the  internodes  each  measur- 
ing 1  -5-2 •25"""^  each.  The  bracts,  which  are  reflexed  for  a  distance 
at  the  base,  then  curved  upward,  6-13™™  long,  are  united  for  a 
distance  from  their  origin,  forming  a  funnel.  The  free  ends  of  the 
bracts  are  linear-lanceolate,  slender,  probably  with  a  median 
nerve.  On  the  upper  surface  of  these  originate  the  pedicels 
which  curve  outward,  upward,  and  then  in  toward  the  axis,  being 
ad n ate  for  a  little  distance  to  the  pendant  sporangia.  The 
latter,  oval,  1-2™"  long  and  •'75-1-25™™  wide,  are  pluriseriate  in 
concentric  rings  between  each  pair  of  verticils,  the  outer  rings 
being  higher  than  the  inner.  The  sporangium  wall  is  sbagreened 
and  slightly  spinous.  The  dorsal  surface  of  the  pedicel  is,  at  least 
near  its  extremity,  formed  of  thick- walled  cells  which  continue  to 
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the  surface  of  the  sporangia,  appearing  to  form  a  disc  which  pre- 
snmably  assists  in  the  dehiscence  of  the  microspores  found  within, 
the  arrangement  of  the  parts  being  apparently  analogous  to  those 
of  the  Eusporanffiate  ferns.  The  number  of  concentric  rows  of 
sporangia  to  each  internode  varies  with  the  species.  In  one  sec- 
tion two  pedicels  in  the  row  to  one  bract  were  observed.  It  is  not 
known  now  the  vascular  bundle,  which  seems  to  be  slightly 
developed  in  the  pedicel,  reaches  the  axis  of  the  cone,  nor  whether 
the  pedicels  branch,  though  it  is  thought  that  in  one  species  at 
least  they  do  so. 

After  describing  in  detail  the  cones  of  S,  cuneifolium  M.  Zeiller 
reviews  what  is  known  of  the  fructification  of  S.  emarginatum,  JS. 
graeUey  and  8.  ohlongifolium  on  all  of  which  he  records  new  obser- 
vations. A  re-examination  of  the  cone  described  by  Renault 
(Cours  de  hot.  foss.,  II,  pp.  102,  103),  which  has  considerably 
influenced  opinion  as  to  the  relations  of  the  genus,  brings  both 
Renault  and  Zeiller  to  the  conclusion  that  only  one  kind  of  spo- 
rangia was  present,  instead  of  both  macrosporangia  and  micro - 
sporangia  as  was  at  first  supposed. 

Also  Zeiller  and  Williamson  agree  that  the  leaves  of  Spheno- 
phyUum  are  sometimes  dissected  to  the  base  so  as  to  resemble 
Asterophyllites^  a  circumstance  that  led  the  latter  to  refer  Boto- 
manites  Bawsoni  to  Aaterophyllites,  and  which,  together  per- 
haps in  some  instances  with  vertical  burial  of  the  leaves  in  the 
matrix,  caused  Director  Stur  to  maintain  that  Sphenophyllum 
is  the  heteromorphous,  heterosporous  branch  of  Calamites,  while 
AsterophyUites  is  the  homomorphous  branch,  a  view  somewhat 
modified  by  Seward  (**  Sphenophyllum  as  a  branch  of  Asterophyl- 
litee,*'  Mem.  Proc.  Manchester  Lit.  Phil.  Soc,  1890). 

As  to  the  systematic  position  of  the  genus,  Williamson  in  his 
short  note  in  "  Nature  "  agrees  with  Zeiller  that  while  the  organi- 
zation of  the  stem  allies  it  to  the  Lycopodinese,  its  highly  special- 
ized fructification  brings  it  nearer  the  RhizocarpesB,  and  that  it 
forms  a  distinct  class  among  the  Vascular  Cryptogams.  Kidston, 
in  a  recent  paper  "On  the  Fructification  of  Sphenophyllum 
trichomatosum,  Stur,  from  the  Yorkshire  Coal  Field  "  (Proc.  R. 
Phys.  Soc.  Edinb.,  xi,  pp.  56-62,  PI.  I),  reaches  the  conclusion 
that  there  is  no  recent  order  in  which  the  genus  can  be  enrolled, 
since  it  differs  from  the  Equisetacese  by  its  solid  axis  and  the 
structure  of  its  cone,  from  the  Lycopods  by  its  ribbed,  noded 
stems  with  verticillate  leaves,  while  "  with  the  Rhizocarps  it  ap- 
pears to  have  little  or  nothing  in  common."  He  therefore  makes 
the  Sphenophylla  a  peculiar  and  distinct  group,  the  Sphenophyl- 
lum^ which  though  close  to  the  Lycopods  can  not  be  included 
uriib^tbwi*  Finally,  Zeiller,  after  considering  its  resemblance  in 
the  duv^opment  of  a  secondary  or  centrifugal  growth  to  the 
LyeipodtoaB  the  stronger  analogy  of  its  fruiting  cones  to  the 
H^^^JKq^ridesB  and  Ophioglos^acese,  its  several  characters  in 
OOBVOdCtn  with  the  EquisetineaB,  agrees  essentially  with  the  others 
in  QQii80tuting  for  it  a  distinct  class  in  the  Vascular  Cryptogams, 
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and  now  places  it,  not  between  the  EquisetineaB  and  Lycopodine» 
as  formerly,  but  next  to  the  Filicineae  on  accoant  of  the  marked 
affinities  it  offers  in  the  stracture  of  its  cones  with  the  fractifica^ 
tion  of  the  Marsileacese  and  the  Ophioglossacese.  d.  w. 

IV.    Astronomy. 

1.  The  constant  of  aberratiofi, — In  Bulletin  No.  28  of  the  U.  S. 
C.  and  G.  Survey  Mr.  Preston  gives  a  detailed  discussion  of  the 
observations  made  at  Waikiki,  H.  I.,  by  which  a  correction  is 
sought  for  the  commonly  accepted  values  of  the  constant  of 
aberration  (20"-445).  Mr.  Preston  says  in  closing  that  the  defin- 
itive result  of  the  constant  of  aberration  from  the  latitude  obser- 
vations of  1891-1892,  made  at  Waikiki,  Hawaiian  Islands,  on  the 
part  of  the  United  States  Coast  and  Geodetic  Survey,  is  therefore 

Constant  of  aberration  =  20^-433  ±  0*-034. 

This  value  of  the  aberration  constant,  combined  with  the  latest 
determinations  of  the  velocity  of  light  (V  =  186,330  miles)  and 
Clarke's  value  for  the  earth's  radius  (R=  3963*30  miles),  gives 
the  sun's  distance  and  equatorial  horizontal  parallax  as  follows: 

Distance  =  92,709,000  miles.     . 

Parallax  =  8''-82.  h.  a.  n. 

V.    Miscellaneous  Scientific  Intelligence. 

1.  Sea-water  and  sea-bottom  deposits  of  the  Eastern  Mediter- 
ranean.— "The  Austro-Hungarian  ship  Pola  was  again  sent  out 
last  summer,  by  the  Vienna  Academy  of  Sciences,  to  the  Eastern 
Mediterranean.  Another  deep  depression  has  been  discovered, 
this  time  to  the  east  of  the  island  of  Rhodes,  in  latitude  36°  5' 
30^^  K,  longitude  28°  36'  E.,  where  the  lead  gave  3865  metres 
(2110  fathoms) ;  and  although  this  depression  is  apparently 
shallower  than  the  "Pola-Deep,"  4000  metres  (2187  fathoms)  in 
latitude  35°  44'  20^^  N.,  longitude  21°  44'  bO''  E.,  to  the  west  of 
Crete,  it  is  really  deeper  in  relation  to  the  land  surrounding  it, 
being  fully  7000  metres  (3828  fathoms)  below  the  summit  of  Ak- 
Dagh  in  Anatolia.  The  new  depression  is  closed  to  the  southeast 
by  a  ridge  running  in  a  southeasterly  direction,  which  rises  to 
within  1920  mtoes  (1050  fathoms)  of  the  surface. 

As  in  former  years,  the  chemical  character  of  the  sea-water 
was  determined  by  Dr.  K,  Natterer,  and  his  investigations  ap- 
pear to  him  to  confirm  some  previous  results,  which  suggest 
some  remarkable  alterations  in  the  accepted  theory  of  the  forma- 
tion of  certain  geological  strata.  Dr.  Natterer  has  again  been 
unable  to  detect  the  presence  of  iree  carbonic  acid  m  any  of 
the  samples  of  sea-water.  Since  a  considerable  amount  of  car- 
bonic acid  must  be  derived  i'rom  the  oxidation  of  plant  and 
animal  remains  at  the  sea-bottom,  its  absence  in  the  free  state 
can  only  be  explained  by  supposing  that,  besides  carbonic  acid, 
ammonia  is  formed,  and  that  in  almost  equivalent  quantities. 
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These  substances,  having  a  tendency  to  combine,  would  go  to 
form  a  corresponding  amount  of  carbonate  of  ammonium. 

Dr.  Natterer  is  inclined  to  assign  the  chief  part  in  the  forma^ 
tion  of  not  only  the  partly  clayey,  partly  stony  deposits  on  the 
sea-bottom,  but  also  of  calcareous  and  siliceous  structures  in  liv- 
ing organisms  to  precipitates  caused  by  the  dissolved  carbonate 
of  ammonium.  That  the  mechanical  deposition  of  detritus  car- 
ried to  sea  in  suspension  by  sui-f  or  by  river- waters  plays  only  a 
subordinate  part  in  comparison  with  such  chemical  precipitates 
(of  carbonate  of  lime,  siliceous  clay,  iree  silica,  etc.),  appears 
especially  from  the  fact  that,  except  near  the  mouths  of  rivers, 
clear  water,  free  from  suspended  matter,  was  obtained  directly 
from  the  water-bottles  at  all  depths  in  the  Eastern  Mediterranean ; 
and  Dr,  Natterer  accordingly  expresses  the  view  that  in  the 
Porcupine  and  Shearwater  expeditions  in  1870-71,  it  was  only 
because  the  Sigsbee  apparatus  was  allowed  to  touch  the  bottom 
that  fine  mud  was  found  in  suspension  in  samples  from  the  lowest 
layers  of  water. 

The  late  Dr.  W.  B.  Carpenter,  who  had  scientific  charge  of 
those  expeditions,  ascribes  the  presence  of  suspended  mineral 
particles  to  the  fine  sand  brought  down  by  the  Rhone  and  other 
rivers  (see  Proceedings  R.  S.,  xix,  p.  146,  and  xx,  p.  535).  The 
relatively  slight  importance  of  the  action  of  mechanical  deposi- 
tion is  further  shown  by  the  circumstance  that  where  the  chemi- 
oal  conditions  necessary  for  precipitation  are  absent,  mineral 
particles  are  dissolved  by  the  sea-water,  except  when  they  are 
present  in  sufficient  quantity  to  cause  the  continued  reactions 
observed  by  Natterer.  In  fact,  the  examination  of  water  samples 
collected  at  the  Tanitic  mouth  of  the  Nile,  and  near  the  harbor 
of  Port  Said,  towards  which  all  Nile  water  is  carried  by  an 
easterly  current,  after  it  reaches  the  sea  showed  a  surprisingly 
small  amount  of  suspended  matter  even  in  late  summer,  when  the 
quantity  is  likely  to  be  large  on  account  of  the  tropical  cloud- 
bursts. Natterer  supposes  that  the  fine  sand  brought  down  by 
rivers  is  only  to  a  small  extent  deposited  directly,  but  that  for 
the  most  part  it  is  first  dissolved,  and  remains  in  solution  until  a 
current  carries  it  to  a  part  of  the  sea  where  new  conditions  bring 
the  separating  action  into  play,  and  precipitation  is  caused  by 
the  action  of  Hving  or  dead  organisms.  This  process  assists  in 
the  formation  of  coral  reefs  and  banks,  helps  the  tide  and  the 
surf  in  the  building  of  dunes,  and  provides  materials  for  the 
mineral  parts  of  organisms  living  in  the  sea. 

Where  the  sinking  of  decaying  organisms  is  prevented  by  a 
strong  current,  Natterer  supposes  that  a  strong  crust  is  formed 
on  the  bottom,  instead  of  the  muddy  deposits  which  cover  by  far 
the  greater  part  of  the  Mediterranean  basin ;  and  this  crust  is 
harder  the  more  slowly  it  is  formed.  Samples  brought  to  Vienna 
prove  the  existence  of  intermediate  transition  stages  between  the 
two,  and  it  is  suggested  that  the  ammonia,  formed  by  the  oxida- 
tion of  the  lower  layers  of  deposits  containing  decaying  organ- 
isms in  the  manner  already  described,  rises  to  the  actual  sea- 
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bottom  by  diffusion,  and  there  causes  the  deposition  of  the  stony 
crust  by  its  action  on  the  sea-water.  The  crust,  which  is  chiefly 
composed  of  carbonate  of  lime,  siliceous  clay,  and  free  silica, 
varies  in  thickness  from  about  1*6  centimetres  (0'59  inches)  to  8 
centimetres  (3 '15  inches),  and  tends  to  obliterate  the  inequalities 
of  the  original  sea-bottom.  Its  upper  surface  is  likely  to  be 
smooth  and  clean,  while  the  lower  is  in  immediate  contact  with 
the  clayey  sand. 

Dr.  Natterer  also  draws  some  interesting  conclusions  from  the 
application  of  a  special  chemical  method,  based  on  local  varia- 
tions in  the  amounts  of  bromine,  of  iodine,  and  of  nitrous  acid 
contained  in  sea-water,  to  the  detection  and  measurement  of  cur- 
rents which  move  too  sluggishly  to  be  amenable  to  direct  obser- 
vations. He  has  this  year  been  able  to  subject  his  method  to  a 
severe  test  in  the  currents  of  the  ^gean,  where  it  is  possible  to 
make  direct  measurements  for  comparison ;  and  although  the 
results  are  not  yet  fully  worked  out,  the  two  methods  agree  very 
closely.  Finally,  with  regard  to  the  extraordinary  poverty  oi 
the  pelagic  fauna  of  the  Mediterranean  as  compared  with  the 
open  ocean,  Dr.  Natterer  expresses  the  opinion  that  so  far  as 
chemical  conditions  alone  are  concerned,  these  are  favorable  to 
animal  life,  and  that  as  a  matter  of  fact  a  rich  fauna  occurs  in 
some  regions  in  the  immediate  vicinity  of  quite  sterile  masses  of 
water.  It  appears  that  abundant  animal  life  is  present  jast 
where  the  water  is  in  rapid  motion ;  and  that,  generally,  the 
poverty  of  the  Mediterranean  fauna  is  largely  due  to  the  want  of 
circulation  in  its  waters— a  result  opposed  to  that  of  Carpenter, 
who  believed  it  to  be  due  to  the  excess  of  suspended  matter."— 
The  Geographical  Journal^  vol.  iii,  pp.  138-140. 

2.  Electric  Waves ;  being  Researches  on  the  Ftopagation  of 
Electric  action  with  finite  velocity  through  Space,  By  Dr.  ELsm- 
RiCH  Hertz,  Professor  of  Physics  in  the  University  of  Bonn. 
Authorized  English  Translation  by  D.  E.  Jones,  B.Sc.  With  a 
Preface  by  Lord  Kelvin,  LL.D.,  D.C.L.  8vo,  pp.  xviii,  280. 
London  and  New  York,  1893  (Macmillan  &  Co.). — Probably  no 
greater  step  in  experimental  science  has  been  taken  in  modern 
times  than  that  which  was  announced  by  Dr.  Hertz  in  the  spring 
and  summer  of  1888  proving  the  finite  velocity  of  propagation  of 
electromagnetic  actions,  and  showing  that  these  electromagnetic 
waves  in  air  represent  "  on  a  million-fold  larger  scale  the  same 
processes  which  go  on  in  the  neighborhood  of  a  Fresnel  mirror  or 
between  the  glass  plates  used  for  exhibiting  Newton's  rings." 
The  remarkable  series  of  papers  in  which  these  discoveries  were 
announced  were  so  ranch  in  demand  that  the  publishers  >  of 
Wiedemann's  Annalen^  in  which  they  appeared,  invited  him  to 
prepare  them  for  separate  publication.  This  he  did  under  the 
title :  "  Untersuchungen  tlber  die  Ausbreitung  der  Elektrisohen 
Kraft,"  adding  an  introduction  and  supplementary  notes.  Tliis 
admirable  book  now  appears  in  an  English  dress ;  and  will  be 
warmly  welcomed  by  English-speaking  men  of  science.  Its  ap- 
pearance was  almost  simultaneous  with  the  death  of  its  briUiaiit 
author,  Dr.  Hertz  having  died  m  Boxm  on.  January  1st,  1894,  at 
the  early  age  of  37.  Qi*'**^. 
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Art.    XXIII. — Restoration  of    Camptosaurus ;    by 
O.  C.  Marsh.     (With  Plate  VI.) 

The  Jurassic  deposits  of  western  North  America  contain 
the  remains  of  many  gigantic  Dinosaurs,  and  various  skeletons 
of  these  have  been  obtamed  by  the  writer,  who  has  described 
the  more  important  forms.  Restorations  of  the  skeletons  of 
three  of  the  most  interesting  genera,  Brontosaurus^  Stego- 
saurus^  and  Ceratoaaurus^  have  already  been  given  in  this 
Journal,  and  another  of  these  huge  reptiles  is  thus  represented 
on  Plate  VI  accompanying  the  present  article.  Each  of  the 
three  forms  previously  restored  was  a  typical  member  of  a 
distinct  group  of  the  Dinoaauria^  and  this  is  true,  although  in 
a  less  degree,  of  the  present  genus,  Camptosaurus.  Restora- 
tions of  Anchisaurus  from  the  Triassic,  and  Claosaurus  and 
Triceratops  from  the  Cretaceous,  all  Dinosaurs  of  much 
interest,  have  likewise  been  published  by  the  writer  in  the 
present  Journal.* 

The  restoration  here  given  is  based  upon  the  type  specimen 
of  Camptosaurus  dispar^  one  of  the  most  characteristic  forms 
of  the  great  group  Ornithopoda^  or  bird-footed  Dinosaurs. 
The  reptile  is  represented  on  Plate  VI,  one-thirtieth  natural 
size.  The  position  chosen  was  determined  after  a  careful 
study  not  only  of  the  type  specimen,  but  of  several  others,  in 
excellent  preservation,  belonging  to  the  same  species  or  to 
others  nearly  allied.  It  is  therefore  believed  to  be  a  position 
frequently  assumed  by  the  animal  during  life,  and  tnus,  in 
some  measure,  characteristic  of  the  genus  Camptosaurus. 
The  present  species,  when  alive,  was  about  twenty  feet  in 
length,  and  ten  feet  high  in  the  position  here  represented. 

The  genus  Cam,ptosaurus  is  a  near  ally  of  Iguanodon  of 
Europe,  and  may  be  considered  its  American  representative. 
Camptosaurus^  however,  is  a  more  generalized  type,  as  might 
be  expected  from  its  lower  geological  horizon.  It  resembles 
more  nearly  some  of  the  Jurassic  forms  in  England  gene- 
rally referred  to  Iguanodon^  but,  as  these  are  known  only 
from  fragmentary  specimens  their  generic  relations  with 
Cam,ptosaurus  cannot  now  be  determined  with  certainty. 

In  comparing  Cam^ptosaurus^  as  here  restored,  with  a  very 
perfect  skeleton  of  Iguanodon  from  Belgium,  as  described 
and  figured,  various  points  of  difference  as  well  as  of  resem- 
blance may  be  noticed.  The  skull  of  Camptosaurus  had  a 
sharp,  pointed  beak,  evidently  encased  during  life  in  a  horny 
sheath.  This  was  met  below  by  a  similar  covering,  which 
enclosed  the  predentary  bone.  The  entire  front  of  the  upper 
and  lower  jaws  were  thus  edentulous,  as  in  /guanodou^  W\.  cii 
different  shape.     The  teeth  of  the  two  genera  axe  ol  ^VuvAax 

*Tbis  Journal,   vol.  xli,  p.  339,    April,    1891;   vol.  xlii,  p.  U^,  K\x^v\^^.  \^^^^ \ 
vol.  xliv,  p.  343,  October,  1892;  and  vol.  xlv,  p    169,  ^'ebruuTy,  \^^^. 
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form,  and  were  implanted  in  like  manner  in  the  maxillary  and 
dentary  bones.  In  Caraptosaurus^  there  is  over  each  orbit  a 
single  supra-orbital  bone,  carving  outward  and  backward,  with 
a  free  extremity,  as  in  the  existing  Monitor;  a  feature  not 
before  observed  in  any  other  Dinosaur  except  Laosaurus^  an 
allied  genus,  also  from  the  Jurassic  of  America.  Other 
portions  of  the  skull  of  Camptosaurus  as  well  as  the  hyoid 
bones  appear  to  agree  in  general  with  those  of  Iguanodon, 

The  vertebrae  of  Camptosaurus  are  similar  in  many  respects 
to  those  of  Iguanodon^  but  differ  in  some  important  features. 
In  the  posterior  dorsal  region,  the  transverse  processes  support 
both  the  head  and  tubercle  of  the  rib,  the  head  resting  on  a 
step,  as  in  existing  crocodiles.     The  five  sacral  vertebrae,  more- 
over, are  not  coossified,  even  in  adult  forms,  and  to  this  char- 
acter the  name  Garaptonotus  first  given  to  the  genus  by  the 
writer  in  1879  especially  refers.*     Another  notable  feature  of 
the  sacral  vertebrae  of  the  type  specimen  should  be  mentioned. 
The  vertebrae  of  the  sacrum,  especially  the  posterior  four,  are 
joined  to  each  other  by  a  peculiar  peg  and  notch  articulation. 
The  floor  of  the  neural  canal  of  each   vertebra  is  extended 
forward  into   a  pointed  process  (somewhat  like  an  odontoid 
process),  which  fits  into  a  corresponding  cavity  of  the  centrum 
in  front.     This  arrangement,  while  permitting  some  motion 
between  the  individual  vertebrae,  helps  to  hold  them  in  place, 
thus  compensating  in  a  measure  for  absence  of  ankylosis.    A 
similar  method  of  articulation  is  seen  in  the  dermal  scales  of 
some  ganoid  fishes,  but,  so  far  as  the  writer  is  aware,  nothing 
of  the  kind  has  been  observed  before  in  the  union  of  vertebrae. 

In  Camptosaurus^  the  sternum  was  entirely  unossified,  and 
no  trace  of  clavicles  has  been  found.  The  pelvis  of  Campto- 
saurus differs  especially  from  that  of  Tguanodon  in  the  pubis, 
the  postpubic  branch  being  even  longer  than  the  ischium,'  while, 
in  Iguanodon^  this  element  is  much  shortened. 

In  the  fore  foot  of  Camptosav/rus^  there  were  five  functional 
digits,  the  first  being  flexible,  and  nearly  parallel  with  the 
second,  thus  differing  from  the  divergent,  stiff  thumb  of 
Iguanodon,  The  hind  feet  had  each  three  functional  digits 
only,  the  first  being  rudimentary,  and  the  fifth  entirely  want- 
ing, as  shown  in  Plate  VI.  The  entire  skeleton  of  Ca/mpto- 
saurus  was  proportionately  more  slender  and  delicately  formed 
than  that  of  Iguandon^  although  the  habits  and  moae  of  life 
of  these  two  herbivorous  Dinosaurs  were  doubtless  very  similar. 

The  type  specimen  of  Camptosaurus  dispar^  used  as  the 
basis  of  the  present  restoration,  is  from  the  Atlantosaurus  beds 
of  the  upper  Jurassic  of  Wyoming.  This  species  and  other 
allied  forms  will  be  described  in  full  in  an  illustrated  memoir 
now  in  preparation  by  the  writer  for  the  United  States 
Geological  Survey.  The  present  restoration  is  reduced  from  a 
large  orawing  made  for  that  ^oVxvm^. 

New  Haven,  Conn.,  February  23,  \ft^4. 

*Thia  name  proved  to  be  preoccupied,  mv^l  Campto8aun»»^w^«!&«&8L^^ 
it      ThiH  Journal,  vol.  xxix,  p.  \G9,  February,  \%%^. 
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Abt.  XXIV. — Further  Studies  of  the  Drainage  Features  of 
the  Upper  Ohio  Basin  ;  by  T.  C.  Chamberlin  and  Frank 
Leverett.* 

Introduction, 

In  the  year  1885  the  senior  writer,  in  association  with  Mr. 
G.  El  Gilbert,  made  a  study  of  the  drainage  and  drift  phe- 
nomena of  the  upper  Ohio  basin.  In  1886  work  was  resumed 
but  was  interrupted  by  other  duties.  In  1890  the  junior 
writer,  working  under  the  direction  of  the  senior  writer,  gath- 
ered data  relative  to  the  drainage  history  of  the  region  while 
tracing  the  group  of  terminal  moraines  across  northwestern 
Pennsylvania.  During  the  present  year  he  has  undertaken  a 
more  systematic  study  of  the  subject. 

We  have  found  the  work  of  Mr.  J,  F.  Carll,  of  the  Pennsyl- 
vania Geol.  Survey,  on  the  old  drainage  systems  of  the  region 
especially  valuable  and  admirable.f  We  are  also  indebted  to 
the  contributions  of   Messrs.    Chance,:]:   White,§   Stevenson, 


*  Presented  in  abstract  to  the  Geological  Society  of  America,  Dec.  3l8t,  1893. 

f  Penn.  Second  Geol.  Survey,  Rept.  Ill,  1880,  pp.  I-IO,  330-439;  Rept.  IIII, 
1883,  pp.  1-147,  169-175,  2.19-406. 

t  Penn.  Second  Geol.  Survey,  Rept.  W,  1880,  pp.  17-20. 

gPenn.  Second  Geol.  Survey,  Rept.  Q,  1878,  pp.  9-17,  QQ,  1879,  pp.  10-20. 
This  Journal,  III,  vol.  xxxiv,  1887,  pp.  374-381.  Bull.  Geol.  Soc.  Amer., 
voL  i,  1880,  pp.  477-479.  Also  discussions  of  drift  and  drainage  features 
inoorporated  in  the  detailed  geology  of  the  several  counties  covered  by  reports 
Qf  QQ»  QQQ-  QQQQ»  namely,  Beaver,  North  Allegheny,  South  Butler,  Lawrence, 
Meroer,  Crawford  and  Erie. 

I  Penn.  Second  Geol.  Survey,  Rept.  K,  1876.  pp.  11-19,  KKK,  1878,  pp.  251- 
263.  This  Journal,  III,  vol.  xv,  1878,  pp.  245-250.  Proc.  Amer.  Phil.  Soc, 
vol.  xviii,  1880,  pp.  289-316. 
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Lewis,*  Wright,t  Lesley,:}:  Spencer,§  Randall,!  Foshay,^  and 
Hice.** 

Probable  old  Drainage  Basins, 

We  follow  Carll  in  the  general  view  that  the  present  drain- 
age system  of  the  upper  Ohio  basin  has  been  formed  by  the 
union  of  several  pre-glacial  systems  that  formerly  flowed  into 
what  is  now  the  Lake  Erie  basin.  These  were  blocked  up  by 
the  ice  of  the  early  part  of  the  glacial  period,  which  invaded 
their  lower  courses  and  forced  them  to  flow  over  low  divides 
and  unite  to  form  a  common  southwestward  flowing  system 
nearly  parallel  to  the  border  of  the  ice.  In  this  there  is  a 
strong  analogy  to  the  upper  and  middle  Missouri  system 
believed  to  have  been  formed  out  of  numerous  northward, 
northeastward  and  eastward  flowing  streams  forced  to  unite 
along  the  edge  of  the  ancient  glacier,  as  determined  by  the 
studies  of  Todd,  Salisbury  and  the  senior  writer. 

If  this  view  be  correct,  and  a  part  of  the  purpose  of  this 
paper  is  to  add  data  in  support  oi  it,  each  of  the  united  sec- 
tions must  be  considered  separately  in  determining  their  pre- 
glacial  and  glacial  history.  Each  section  may  indirectly  help 
to  interpret  the  others  but  it  will  be  rather  by  the  suggestive- 
ness  of  analogy  than  by  the  direct  force  of  specific  evidence. 
We  regard  the  evidence  of  the  union  of  separate  pre-glacial 
basins  as  clear  and  decisive  in  at  least  three  cases,  as  highly 
probable  in  another,  and  as  rather  weak  in  another,  at  the 
present  stage  of  investigation.  These  may  be  treated  briefly 
in  succession  beginning  with  the  uppermost. 

The  Upper  Allegheny  Basin. — Three  specific  lines  of  evi- 
dence support  each  other  in  showing  that  the  uppermost  sec- 
tion of  the  present  Allegheny  formerly  discharged  into  the 
Lake  Erie  basin.  (1)  There  is  a  notable  constriction  of  the 
valley  near  Kinzua,  Pennsylvania,  from  its  usual  breadth  of  a 

*PenD.  Second  Geol.  Survey.  Rept.  Z,  1884,  pp.  141-202,  279. 

f  This  Journal,  July,  1883;  Proc.  A.  A.  A.  S.,  1883,  pp.  202-207;  The  Gla- 
cial Boundary,  Proc.  Western  Reserve  Hist.  Soc,  1884,  86  pages;  Bull.  U.  S. 
Geol.  Survey,  No.  58,  1890,  pp.  39-110;  This  Journal,  Nov.,  1892.  Also  discus- 
sions of  the  drift  and  drainage  features  of  this  region  embraced  in  the  **Ice  Age 
in  North  America"  (1889),  and  in  abbreviated  form  in  "Man  and  the  Glacial 
Period"  (1892). 

X  Penn.  Second  Geol.  Survey,  Rept.  Q,  1878,  pp.  xxiv-xLiii;  Rept.  Ill,  1880, 
pp.  xiii-xvii;  also  various  footnotes  in  (III)  and(IIII);  Rept.  Z,  1884,  pp.  y-xLix. 

§  Penn.  Second  Geol.  Survey,  Rept.  QQQQ,  1881,  pp.  387,  405. 

I  Penn.  Second  Geol.  Survey,  Rept.  IIII,  1883,  pp.  1-30,  309.  We  are  also 
indebted  to  Mr.  Randall  for  notes  on  a  detailed  study  of  the  distribution  of  the 
attenuated  drift  in  the  vicinity  of  Warren,  Pennsylvania,  iu  which  the  distribu- 
tion of  the  bowlders  together  with  their  altitude  has  been  d^etermined  with  care. 

T^Thia  Journal,  Nov.  1890.     Bull.  Geol.  Soc.  Amer.,  vol.  ii,  1891,  pp.  457-464. 

**Bu]l.  Geol.  Soc.  Amer.,  vol.  ii,  1891,  pp.  457-464:  Science,  vol.  xxii,  Sept. 
29,  1893,  p.  170.  We  are  also  indebted  to  Mr.  Hice  for  favoring  us  with  the 
results  of  careful  observation  on  the  distribution  of  the  drift  and  the  depth  of 
channels  in  the  vicinity  of  Beaver,  Pennsylvania. 
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mile  or  more  to  less  than  one-fourth  of  a  mile.  This  constric- 
tion appears  clearly  to  be  the  point  at  which  a  former  col  was 
located  and  across  which  the  stream  was  forced  when  reversed. 
(2)  From  this  point  the  buried  rock  floor  of  the  valley  slopes 
northward  to  the  vicinity  of  Steamburg,  New  York,  in  direct 
opposition  to  the  present  flow  of  the  river.  (3)  Here  it  is  met 
by  a  buried  rock  floor  sloping  with  the  present  stream,  but 
from  this  point  there  is  a  broad  continuous  valley  deeply 
filled  with  drift  leading  westward  and  northward  along  the 
line  of  the  upper  Conewango  (reversed),  and  the  lower  Catta- 
raugus valleys  to  the  Lake  Erie  basin.  The  evidence  of  this  is 
in  part  shown  diagram matically  in  the  accompanying  section 
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Figure  1.  Profile  A  shows  the  erosion  interval  between  the  early  glacial  grav- 
els and  the  late  glacial  or  moraine-headed  terrace  in  the  Conewango  valley  and 
their  altitudes  compared  with  the  head  of  the  early  glacial  gravel  train  on  the 
Tionesta  at- Clarendon.  With  the  exception  of  the  rook  floor  the  fluvial  planes  on 
the  Conewango  and  upper  Tionesta  belong  to  different  drainage  basins ;  the  sec- 
tion is  accordingly  broken  between  Clarendon  and  Warren.  The  upper  of  the 
two  broken  lines  connecting  the  rock  floor  at  Clarendon  with  that  near  Warren 
was  certainly  reached  by  pre-glacial  streams,  and  possibly  the  lower  one.     Else- 
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(Profile  D,  fig.  1).  All  but  the  last  of  these  significant  fea- 
tures were  noted  by  Mr.  Carll.  Having  no  opportunity  to 
examine  the  upper  Conewango  and  Cattaraugus  valleys  he 
suggested  an  outlet  by  the  way  of  the  Cassadaga  valley.  In 
favor  of  the  route  here  given  we  note  (1)  the  greater  width  of 
the  Conewango  valley  (two  miles  or  more),  (2)  its  more  direct 
course  to  the  lake  basin  (see  accompanying  map),  and  (8)  the 
presence  of  a  much  deeper  buried  channel.  Three  wells  along 
it  penetrate  drift  to  depths  of  284,  314,  and  330  feet  respect- 
ively without  reaching  rock,  while  a  fourth  at  Versailles, 
seven  miles  from  the  lake,  penetrates  to  a  point  96  feet  below 
the  lake  level  (aneroid)  without  reaching  rock  bottom,  whereas 
on  the  Cassadaga  line  the  rock  floor  opens  out  to  the  Lake 
Erie  basin  at  an  altitude  of  about  200  feet  above  the  lake. 

The  general  configuration  of  the  drainage  features  of  the 
region  support  this  view  of  reversal  as  may  be  seen  in  part 
by  consulting  the  accompanying  map  of  restored  drainage 
(map  2).  The  naturalness  of  this  restored  system  lends  sup- 
port to  the  more  positive  evidence. 

We  note  in  passing  that  on  this  line  as  well  as  other  pre-gla- 
cial  drainage  lines  of  this  region  the  northward  slope  of  the 
rock  floor  is  probably  somewhat  accentuated  by  a  northward 
differential  depression.     We  would  also  note  that  rock  exca- 
vation by  an  interglacial  stream  may  have  occurred  along  this 
line  in  the  vicinity  of  the  lake  basin,  it  being  not  improbable 
that  an  interglacial  stream  would  have  had  its  source  some- 
what south  of  the  present  divide,  which  is  a  moraine  of  late 
glacial  age.     Both  factors  need  to  be  eliminated  in  determin- 
ing the  rate  of  slope  of  the  rock  floor  of  pre-glacial   times. 
The  present  rate  seems  too  great  for  the  nature  of  the  valley. 
It  may  also  be  necessary  to  make  allowance  for  excavation  by 
ice  or  by  subglacial  water  in  the  portion  of  the  valley  within 
the  glacial  boundary,  but  such   excavation   could   not  have 
occurred  in  the  portion  of  the  valley  with  north-sloping  floor 
that  lies  outside  the  glacial  boundary,  i.  e.  between  Kinzua  and 
Steamburg. 

where  on  this  and  the  three  profiles  subjoined,  broken  lines  indicate  not  altema- 
tive  but  probable  positions  of  the  fluvial  planes  or  deposits  to  which  they  apply. 

Profile  B  shows  the  erosion  interval  between  the  early  glacial  gravel  and  the 
moraine-headed  terrace  on  the  Allegheny  near  Tidioute,  Pennsylvania,  together 
with  the  head  of  the  early  gravel  train  on  Tidioute  creek  and  the  later  gravel  on 
Brokenstraw  creek.  The  Brokenstraw  makes  a  detour  to  the  east  to  join  the 
Allegheny.  The  detour  is  indicated  by  dotted  lines,  and  the  section  is  broken  at 
Garland  where  the  stream  turns  eastward. 

Profile  6' shows  evidences  of  reversal  of  drainage  on  the  Conewango  valley. 
On  this  and  the  succeeding  profile  the  vertical  lines  beneath  the  line  of  the  pres- 
ent stream  show  the  depth  to  which  wells  have  reached.  If  no  rock  was  encouB* 
tered  the  sign  (?)  is  introduced. 

Profile  D  shows  the  evidence  for  reversal  from  the  Kinzua  ool  northward  aknif 
the  course  of  the  old  outlet. 
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The  Upper  Tionesta-Conewango  Bann.  —  Mr.  Carll  also 
called  attention  to  the  evidence  of  reversal  of  drainage  in  the 
Tionesta  and  Conewango  basins,  which  are  connected  with  the 
present  Allegheny  at  Warren  below  the  old  col  near  Kinzua. 
There  is  evidence  here  of  the  same  decisive  nature  as  that 
cited  for  the  upper  section  of  the  Allegheny.  The  abandoned 
northward  outlet  of  the  upper  Tionesta  leading  to  the  present 
Allegheny  near  Warren  is  very  plainly  outlined,  and  the 
numerous  oil  wells  of  the  region  show  that  the  rock  floor  of 
the  abandoned  channel  slopes  northward.  The  old  col  where 
reversal  took  place  is  readily  located  near  Old  Sheffield  (Barns- 
ville  P.  O.),  where  the  stream  enters  a  narrow  gorge  scarcely 
one-fifth  the  width  of  the  abandoned  channel,  the  latter  being 
60  to  120  rods  wide  while  the  new  gorge  is  but  10  to  15  rods. 

That  the  upper  Tionesta-Conewango  basin  did  not  discharge 
southward  along  the  present  course  of  the  Allegheny  seems 
evident  from  a  constriction  of  the  valley  which'  sets  in  near 
Thompson's  station,  about  twelve  miles  below  Warren,  as 
indicated  by  Mr.  Carll  who  located  the  old  col  at  that  point. 
The  narrowness  of  the  Allegheny  at  Thompson's  as  well  as  for 
some  miles  below,  is  in  striking  contrast  with  the  portion  of 
the  Allegheny  valley  between  Thompson's  and  Warren,  and 
also  that  of  the  main  tributaries  (the  Brokenstraw  and  Cone- 
wango), the  width  being  scarcely  one-third  of  a  mile  while  the 
width  of  the  valleys  named  is  nearly  a  mile.  In  both  situa- 
tions the  bluffs  are  mainly  of  soft  easily  credible  strata,  the 
hard  subcarboniferous  conglomerate  which  farther  down  the 
Allegheny  is  an  important  factor  in  the  valley  bluffs  being 
present  here  only  in  the  highest  parts  of  the  bordering  upland. 
Evidence  of  reversal  is  also  shown  by  the  valleys  of  small  side 
streams.  Below  the  supposed  col  these  have  not  been  so 
broadly  opened  to  the  level  of  the  Allegheny  as  they  have 
above  and  the  streams  descend  near  their  mouths  through  nar- 
row trenches  fully  100  feet  in  depth.  It  would  appear,  there- 
fore, that  the  col  could  not  have  stood  less  than  100  feet  above 
the  present  river  bed  at  Thompson's,  or  1220  feet  A.  T.  This 
view  is  confirmed  by  remnants  of  the  old  rock  floor  preserved 
in  an  occasional  rock  shelf  beneath  early  glacial  gravels.  At 
Tidioute,  some  eight  miles  below  the  supposed  col,  the  lowest 
discovered  limit  of  erosion  prior  to  the  deposition  of  these 
gravels  is  about  seventy  feet  above  the  present  stream,  whereas 
at  Warren,  fifteen  miles  above  the  col,  the  erosion  seems  to 
have  reached  a  level  even  lower  than  that  of  the  present 
stream. 

It  is  probable  that  the  line  of  discharge  was  through  the  Con- 
ewango (reversed),  though  a  deeply  filled  broad  valley  con- 
necting Brokenstraw  creek  with  Oil  creek  along  the  line  of 
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the  Dunkirk,  Allegheny  Valley  and  Pittsburg  railway  be- 
tween Garland  and  Titiisville,  Pennsylvania,  raises  the  ques- 
tion whether  the  discharge  may  not  have  been  in  thftt 
direction. 

By  reference  to  profiles  A  and  C,  fig.  1,  it  will  be  seen  th&t 
the  rock  floor  is  nearly  level  for  a  few  miles  north  from  War- 
ren, while  both  to  the  north  and  south  from  this  there  is  a 
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decided  northward  descent.  This  singular  feature  may  per- 
haps be  due  to  a  recession  of  the  Thompson  col  through  valley 
excavation,  as  suggested  by  Mr.  Carll  (Penn.  Second  Geol. 
Survey,  Kept.  IIII,  p.  311),  and  the  formation  of  a  pseudo  col 
north  of  Warren  at  a  point  where  excavation  and  consequent 
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recession  were  interrupted  by  a  later  filling  of  glacial  gravel. 
An  apparent  objection  to  this  is  found  in  the  fact  that  there  is 
no  appreciable  decline  in  the  rock  floor  from  Warren  to  the 
Thompson  col.  This  level  condition,  however,  may  perhaps 
find  its  explanation  in  northward  differential  depression  of  a 
floor  once  sloping  southward  with  a  low  gradient.  In  profile 
A,  a  broken  line  is  introduced  which  has,  at  Warren,  the  alti- 
tude of  the  lowest  rock  shelf  covered  hy  early  gravel  and 
which  perhaps  represents  the  limit  of  preglacial  erosion.  This 
line  would  give  to  the  rock  floor  a  continuous  northward 
descent. 

The  course  of  discharge  was  probably  through  the  Cone- 
wango-Cattaraugus  outlet  of  the  upper  section  of  the  Alle- 
gheny, for  there  seems  to  be  no  direct  northward  outlet  to 
Lake  Erie  from  either  the  Chautauqua  or  Cassadaga  valleys  so 
deep  as  the  Conewango-Cattaraugus  outlet. 

The  Oil  Creek  Basin, — We  need  refer  but  briefly  to  this 
basin  since  it  does  not  involve  a  section  of  the  Allegheny  but 
only  a  tributary,  and  since  the  evidence  of  reversal  has  been 
fully  presented  by  Mr.  Carll.  The  greater  part  of  this  basin 
drained  northwestward  through  Muddy  creek  to  the  French 
creek  valley  near  Cambridge,  Pennsylvania.  There  is  some 
uncertainty  as  to  the  course  of  the  outlet  from  Cambridge,  the 
data  being  insufficient  to  show  whether  it  was  direct  to  the 
Lake  Erie  basin  along  the  deeply  tilled  Conneautee  creek 
valley  or  indirect  along  French  creek  valley  past  Mead- 
ville  to  the  Conneaut  outlet  and  thence  northwest  past  Con- 
neaut  lake  and  through  Conneaut  creek  valley  to  the  lake 
basin.  Mr.  Carll  thought  it  had  the  latter  course  because  of 
doubt  as  to  the  existence  of  a  deep  channel  connecting  Con- 
neautee and  Elk  creek  valleys.  That  region  is,  however,  so 
thickly  covered  with  drift  that  there  is  no  certainty  as  yet 
that  a  deep  channel  does  not  cross  it.  Furthermore  there 
seem  to  be  objections  to  the  view  that  the  old  stream  followed 
down  Frenc^h  creek,  there  being  a  series  of  island-like  hills 
in  the  midst  of  the  valley  below  Venango,  midway  betweeo 
Cambridge  and  Meadville.  These  suggest  the  possibility  of 
an  old  col  there.  A  decision  cannot  be  reached  until  each  val- 
ley is  more  thoroughly  tested  by  borings. 

The  Middle  Allegheny  Basin. — This  basin  includes  the 
lower  portion  of  the  Tionesta  (below  the  old  col  near  Bams- 
ville  P.  O.),  the  Allegheny  from  the  old  col  at  Thompson's  to  near 
the  mouth  of  the  Clarion,  and  the  lower  part  of  French  creek. 
Several  lines  of  evidence  unite  in  indicating  that  this  district 
formerly  discharged  northwestward  past  Conneaut  lake  to  the 
Lake  Erie  basin.  Evidence  in  favor  of  the  reversal  is  found 
in  the  narrowness  of  the  Allegheny  valley  above  the  mouth  of 
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the  Clarion  as  compared  with  the  Clarion-Lower  Allegheny 
valley.  Evidence  is  also  found  in  an  elevated  watershed 
which  crosses  the  Allegheny  immediately  above  the  mouth  of 
the  Clarion.  Further  evidence  is  found  in  the  rock  shelves  or 
old  rock  floors  of  the  Allegheny  and  French  creek  valleys. 

Taking  up  these  lines  of  evidence  in  the  order  named,  atten- 
tion may  be  called  to  the  presence  of  a  broad  base-plane  or 
gradation-plane*  a  mile  or  more  in  average  width  which  fol- 
lows the  lower  Allegheny,  standing  about  200  feet  above  the 
present  stream.f  Tnis  broad  graaation-plane  follows  up  the 
Clarion  but  does  not  extend  up  the  Allegheny  above  the 
mouth  of  the  Clarion,  the  AUegneny  having  a  narrow  valley 
with  precipitous  bluff6  reaching  a  height  of  nearly  400  feet 
above  the  stream.  It  seems  necessary  to  suppose  either  that  a 
disproportionately  small  gradation-plane  with  high  cliff  bor- 
ders lay  in  this  narrow  gorge  (having  a  breadth  only  one-third 
to  one-half  that  of  the  Clarion  and  Allegheny  gradation-plane\ 
or  that  there  has  been  a  reversal  of  drainage  by  which  a  small 
stream  that  formerly  flowed  northwestward  through  this  gorge 
to  join  the  French  creek  outlet  was  reversed  and  its  valley 
recut  to  fit  the  new  and  larger  stream.  We  naturally  look  to 
differences  in  the  hardness  of  strata  for  a  possible  explanation 
of  the  difference  in  the  size  of  the  valleys.  On  the  supposi- 
tion that  there  has  been  but  little  enlargement  of  the  pregla- 
cial  Allegheny  through  additions  due  to  glacial  agency  we 
must  explain  the  fact  that  a  stream  not  less  than  three  times 
as  large  as  the  Clarion  excavated  a  valley  only  one-third  to 
one-half  as  great.  If  the  ice  caused  the  addition  of  the  two 
upper  sections  of  the  Allegheny,  and  not  of  the  section  under 
discussion,  we  must  account  for  the  fact  that  a  drainage  area 
about  the  size  of  tbat  of  the  Clarion  cut  a  valley  but  one-third 
to  one-half  as.  great.  The  strata  along  the  narrow  portions  of 
the  Allegheny  from  Franklin  to  the  mouth  of  the  Clarion,  as 
well  as  for  some  distance  above  Franklin,  are  on  the  whole 
rather  more  resistant  than  are  those  in  which  the  gradation- 
plane  of  the  lower  course  of  the  Clarion  was  carved,  there 
being  in  the  former  a  considerable  thickness  of  the  subcarbon- 

♦For  use  of  terms  see  Physiography  in  the  University,  W.  M.  Davis,  Jour,  of 
Geol.,  vol.  ii,  No.  1,  p.  T7.  A  degradation  plane  or  profile  (fluvial),  results  from 
erosion  in  excess  of  deposition,  and  is  the  common  type.  An  aggradation  plane 
or  profile  (Salisbury)  results  from  deposition  in  excess  of  erosion,  the  plane  being 
built  up.  A  graded  or  gradation  plane  or  profile  (Gilbert),  results  from  a  balance 
between  erosion  and  deposition,  the  work  of  the  stream  being  expended  in 
widening  its  valley.  This  is  equivalent  to  a  plane  or  profile  of  equilibrium 
(Davis),  and  to  a  rather  strained  application  of  base-level  or  base-plane  (Powell). 
It  is  advocated  by  Gilbert  and  Davis  because  it  avoids  this  strained  use,  is  meas- 
urably convenient,  and  falls  in  with  the  preceding  terms  to  form  a  symmetrical 
series. 

t  BuU.  U.  S.  Geol.  Survey,  No.  58,  1890,  pp.  22-24. 
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iferous  conglomerate  (in  places  reaching  as  mnch  as  75  feet), 
while  on  the  latter  there  are  more  easily  erodible  coal-measnre 
sandstones  and  shales.  This  greater  hardness  and  resistance  to 
erosion  would   naturally  lessen  the  size   of  the  valley.      It 
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should  also  influence  the  gradient  of  the  stream  if  it  is  an  im' 
portant  factor.      We  turn,  therefore,  to  the  latter  for  ligh 
upon  this  question.     In  the  portion  of  the  Allegheny  where 
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the  hard  snbcarboniferons  conglomerate  appears,  that  is,  from 
Cobham  near  the  Thompson  col  to  the  Brady  bend  below  the 
month  of  the  Clarion,  a  distance  of  about  100  miles,  the  rock 
floor  descends  2*7  feet  per  mile,  fluctuating  between  6*85  for  a 


few  miles  below  Cobham,  near  where  the  stream  is  supposed  to 
have  taken  its  rise,  to  '95  in  the  18  miles  immediately  above 
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Franklin,  where  the  stream  is  supposed  to  have  been  largest. 
In  the  portion  between  Franklin  and  the  mouth  of  the  Clarion 
the  average  fall  is  2*6  feet,  of  which  the  greatest  fall  appears 
between  Franklin  and  Kennerdell  where  a  col  is  supposed  to 
have  been  crossed  (the  fall  there  being  4*3  feet,  while  between 
Kennerdell  and  the  mouth  of  the  Clarion  it  is  less  than  1*4 
feet).  Passing  now  to  the  portion  of  the  Allegheny  between 
the  Brady  bend  and  Pittsburg,  where  excavation  was  in  the 
softer  strata,  there  is,  in  a  distance  of  70  miles,  an  average  fall 
of  about  2*3  feet  per  mile,  or  about  '4  feet  less  than  in  the  por- 
tion where  erosion  was  in  the  harder  strata.  The  effect  of 
rock  resistance  would  seem,  therefore,  to  be  scarcely  appre- 
ciable when  measured  by  this  method  and  hence  inadequate  to 
account  for  the  disparity  in  the  size  of  the  valleys,  under  dis- 
cussion. 

Furthermore,  it  is  significant  that  the  tributaries  of  the  por- 
tion of  the  Allegheny  above  the  mouth  of  the  Clarion  had  not 
deepened  their  channels  to  levels  in  harmony  with  a  grada- 
tion-plane as  low  as  that  of  the  Clarion.  While  they  have 
normal  gradients  on  their  upper  and  middle  courses,  they  de- 
scend by  rapids  and  cascades  to  the  present  Allegheny.  This 
is  done  from  a  height  of  about  400  feet,  while  the  tributaries 
of  the  Clarion  descend  in  this  way  from  only  about  200  feet. 
This  seems  to  indicate  that  they  have  discharged  until  recently 
into  a  stream  which  had  not  reached  so  low  a  plane  as  that  of 
the  Clarion. 

Turning  now  to  the  bordering  uplands,  we  find  a  second 
line  of  evidence  favoring  reversal.  Immediately  above  the 
junction  with  the  Clarion,  the  Allegheny  cuts  through  an  ele- 
vated tract  which  to  the  eastward  constitutes  the  divide  be- 
tween waters  flowing  north  and  northwest  into  the  Allegheny 
and  those  flowing  south  into  the  Clarion,  while,  to  the  west- 
ward, it  constitutes  the  divide  between  the  northward  and 
eastward  flowing  tributaries  of  the  Allegheny,  and  the  streams 
flowing  south  and  west  to  the  Beaver  and  Shenango  (see 
map  4).  The  high  divide  is  broken  by  only  a  narrow  gap 
scarcely  a  half  mile  wide  and  500  to  600  feet  in  depth  where 
crossed  by  the  Allegheny.  The  altitude  and  relief  of  this 
divide  appears  to  be  due  to  its  relation  to  drainage  systems 
rather  than  to  axes  of  upheaval  for  its  trend  is  in  large  part 
independent  of  such  axes.  That  is  to  say,  it  constitutes  a  nat- 
ural boundary  between  the  middle  Allegheny  and  the  Clarion- 
Lower  Allegheny  drainage  basins. 

Before  passing  to  the  third  line  of  evidence  in  support  of 
reversal  we  should  note  that  the  portion  of  the  present  Alle- 
gheny between  the  supposed  col  at  the  mouth  of  the  Clarion 
and  the  French  creek  outlet  appears  to  have  been  made  from 
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portions  of  two  streams  each  flowing  northwestward  but  sepa- 
rated by  a  divide  below  the  mouth  of  the  East  Sandy  creek. 
This  view  is  supported,  not  only  by  a  notable  constriction 
there  (to  a  width  of  scarcely  60  rods),  but  also  by  an  abandoned 
valley  leading  northward  from  the  bend  of  West  Sandy  creek 
at  Waterloo  to  French  creek  valley  just  above  the  mouth  of 
Sugar  creek,  which  would  afford  a  northward  outlet  for  the 
western  stream.  The  relationships  of  the  present  streams  to 
this  abandoned  valley  and  to  the  supposed  col  may  be  seen  by 
a  comparison  of  maps  3  and  4.  This  comparison  will  also 
serve  to  show  how  natural  the  restored  system  is  as  compared 
with  the  disturbed  and  unnatural  present  system. 

Turning  next  to  the  line  of  evidence  found  in  the  rock 
shelves  and  terraces,  a  general  inspection  of  the  French  creek 
valley  shows  that  there  has  been  broader  and  deeper  excava- 
tion than  on  the  middle  Allegheny.  But  inasmuch  as  the 
French  creek  valley  lies  within  the  glacial  boundary,  and  its 
lower  course  nearly  coincides  with  the  direction  of  the  ice 
flow,  the  question  is  naturally  raised  whether  its  greater  size 
may  not  be  due  in  the  main  to  glacial  excavation.  An  exam- 
ination of  the  valley  with  this  question  in  mind  led  to  the  dis- 
covery of  old  channels  and  ox-bow  curves  of  pre  glacial  streams 
whose  preservation  is  so  complete  as  to  furnish  decisive  evi- 
dence that  glacial  excavation  has  been  of  little  consequence  in 
determining  the  size  of  the  valley. 

On  the  stream  which,  as  indicated  above,  seems  to  have  led 
northward  from  the  highland  tract  near  the  mouth  of  the 
Clarion  past  Waterloo  to  the  present  French  creek  valley, 
there  are  remnants  of  an  old  valley  floor  near  the  supposed 
divide  at  an  altitude  of  375-400  feet  above  the  river,  or  1275- 
1300  A.  T.,  while  at  Waterloo  in  the  abandoned  valley  which 
leads  from  Sandy  creek  northward  to  French  creek,  the  rock 
floor  is  shown  by  several  oil  wells  to  have  an  altitude  about 
1060  feet  A.  T.  This  valley  is  filled  with  glacial  gravel,  ap- 
parently of  early  glacial  age,  and  its  rock  floor  has  not  suffered 
excavation  since  the  gravel  deposition.  Its  rock  floor  is  the 
probable  continuation  of  the  elevated  rock  floor  of  the  head 
waters  and  indicates  a  decline  of  somewhat  more  than  200  feet 
in  18-20  miles.  This  rate  of  fall  would  be  natural  in  such  a 
small  stream  descending  from  the  elevated  tableland  and  dif- 
fers but  little  from  the  rate  of  fall  in  southern  tributaries  of 
the  upper  Allegheny  of  corresponding  size,  e.  g.,  the  fall  on 
the  Tuna,  a  similar  stream,  from  De  Golier,  Pennsylvania,  to 
the  mouth  of  the  stream,  a  distance  of  14  miles,  is  215  feet. 
(See  Carll,  Penn.  Kept.  Ill,  p.  834.)  At  the  north  end  of 
the  abandoned  valley,  where  it  opens  into  French  creek,  rock 
shelves  appear  at  an  altitude  of  about  1040  feet  A.  T.,  which 
seem  to  mark  the  continuation  of  the  old  valley  floor. 
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Turning  now  to  the  main  stream  of  the  supposed  old  middle 
Allegheny,  we  find  that  the  col  at  Thompson's  seems  to  have 
had  a  height  of  at  least  1220  feet  A.  T.  At  Tidioute,  eight 
miles  below,  early  glacial  gravels  rest  on  a  rock  shelf  (that  rep- 
resents the  old  river  bottom),  at  1160  feet  A.  T.  At  Reno, 
a  similar  shelf  stands  only  1040  feet  A.  T.,  while  at  Franklin, 
in  an  ox-bow  filled  with  early  glacial  gravel,  one  boring 
reached  rock  at  1040  feet  A.  T.,  while  another  penetrated  to 
1015  feet  A.  T.  without  reaching  rock.  The  gravel  at  these 
points  rises  to  a  level  much  above  that  of  the  terraces  con- 
nected with  the  moraine  of  the  later  ice  invasion  and  sustains 
such  relations  as  to  show  clearly  that  it  has  suffered  no  dis- 
turbance since  deposition.  The  shelves,  therefore,  antedate 
the  gravel,  and  are  remnants  of  an  old  river  bottom.  Follow- 
ing along  the  supposed  outlet  to  the  westward,  there  is  an  old 
meandering  valley  lying  near  the  present  French  creek  and, 
in  part,  coinciding  with  it.  (See  map  3.)  On  a  small  eastern 
tributary  of  this  old  valley  three  miles  northwest  of  Franklin, 
wells,  situated  a  mile  or  more  back  from  the  junction  of  the 
tributary  with  the  old  valley,  strike  a  rock  floor  at  about  1040 
feet  A.  T.,  which  is  about  as  low  as  the  rock  floor  found  in 
one  of  the  wells  in  the  Franklin  ox-bow,  and  is  within  25  feet 
of  the  bottom  of  the  other.  These  wells  penetrate  about  100 
feet  of  drift  of  early  glacial  age.     As  they  are  back  from  the 

f)rincipal  valley,  the  presumption  is  that  the  main  channel  is 
ower.  Continuing  northwestward  along  the  valley  to  a  point 
eight  miles  from  the  Allegheny,  a  well  is  found  which  reaches 
the  rock  floor  at  1025  feet  A.  T.,  i.  e.,  at  a  depth  intermediate 
between  the  depths  of  the  two  wells  in  the  abandoned  ox-bow 
at  Franklin.  This  well  is  situated  near  the  southern  edge  of 
the  valley,  and  can  scarcely  be  supposed  to  have  struck  its 
deepest  portion.  Farther  northwest,  in  an  old  ox-bow  three 
miles  north  of  Utica,  similar  in  every  way  to  the  ox-bow  at 
Franklin  (see  map  3),  except  that  it  lies  within  the  limits  of 
the  later  ice  invasion,  the  floor  is  shown  by  one  well  to  be  945 
feet  A.  T.  and  by  another  960  feet  A.  T.,  i.  e.,  70  feet  and  55 
feet,  respectively,  below  the  bottom  of  the  lowest  well  in  the 
Franklin  ox-bow.  Still  farther  northwestward  on  French 
creek  at  Cochrauton,  Buchanan,  and  Meadville,  there  are  wells 
showing  excavation  to  still  greater  depths ;  the  first  two  not 
reaching  the  bottom  at  915  and  800  feet  A.  T.,  respectively, 
and  the  last  finding  rock  at  605  feet  A.  T.  The  depth  of 
drift  at  this  last  point  is  not  less  than  475  feet,  and  the  rock 
bottom  is  only  32  feet  above  Lake  Erie.  Meadville  is  only  28 
miles  from  the  Allegheny.  To  reach  this  depth  on  the  pres- 
ent course  of  the  Allegheny  it  must  be  followed  160  miles. 
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The  evidence  seems  to  us  very  strong  that  the  ox-bow  at 
Franklin,  the  old  channel  northeast  of  IJtica,  and  the  ox-bow 
north  of  Utica  are  remnants  of  the  same  old  meandering 
stream  leading  northwesterly.  The  fact  that  the  rock  floor 
in  the  ox-bow  north  of  Utica  is  70  feet  below  the  deepest  deter- 
mination of  the  old  channel  where  it  left  the  present  Alle- 
gheny, renders  it  highly  improbable,  if  not  impossible,  that  it 
was  formed  by  a  stream  discharging  toward  the  Allegheny. 
It  is  even  lower  than  the  present  rock  bottom  of  the  Alle- 
gheny, notwithstanding  all  the  erosion  the  latter  is  believed  to 
have  suffered  since  the  deposition  of  the  early  glacial  gravels. 
It  is  highly  probable,  therefore,  that  we  have,  in  these  aban- 
doned valleys,  a  continuation  of  the  old  middle  Allegheny. 
An  inspection  of  the  general  configuration  of  the  old  channel, 
as  shown  on  map  3,  will  lend  support  to  the  force  of  these 
considerations. 

A  comparison  of  the  old  gradation-planes  on  the  middle 
Allegheny  with  the   like  gradation-plane  of   the  lower  AUe- 

f^heny  at  the  mouth  of  the  Clarion,  brings  out  the  significant 
act  that  the  rock  bottom  in  the  Franklin  ox-bow  stands 
about  40  feet  helow  the  rock  bottom  of  the  ox-bow  above 
Parker,  just  below  the  mouth  of  the  Clarion.  This  is  Jfi 
miles  distant  down  stream  (see  tig.  4).  If  we  compare  the 
lowest  point  found  on  the  old  gradation-plane  near  Parker 
with  the  bottom  of  the  deepest  well  in  the  Franklin  ox-bow 
(which  did  not  reach  bottom),  it  is  still  10  feet  higher.  If  we 
compare  their  respective  heights  above  the  present  river,  the 
bottom  of  the  Franklin  ox-bow  is  not  more  than  35  feet, 
while  that  of  Parker  is  150  feet  above  the  stream.  Granting 
as  probable  that  the  old  stream  had  a  less  fall  than  the  present 
one,  it  still  seems  impracticable  to  refer  the  Franklin  ox-bow 
and  the  gradation-planes  and  shelves  associated  with  it,  to  the 
same  stream  that  made  those  at  and  below  the  mouth  of  the 
Clarion  at  so  much  higher  levels. 

An  additional  point  in  evidence  that  the  Allegheny  has  had 
its  upper  drainage  basin  enlarged  by  additions  is  found  in  a 
comparison  of  the  size  of  the  trench  cut  in  the  old  fluvial  floor 
of  its  lower  course  with  that  of  the  corresponding  trench  of 
the  tributaries.  For  instance,  on  the  Redbank  river,  which 
enters  22  miles  below  the  Clarion,  accurate  data  are  obtain- 
able, since  the  railway  follows  its  valley  for  70  miles  and  has  a 
grade  nearly  coincident  with  the  stream,  and  but  a  few  feet 
(20-40)  above  it.  The  profile  of  this  railway  (see  fig.  2), 
brings  out  \^Qi  significant  fact  that  the  stream  has  a  much 
more  rapid  fall  in  the  lower  20  miles  of  its  course  than  above 
that  point,  which  is  the  reverse  of  the  normal  law  of  streams. 
The  average  fall  for  this  20  miles  is  nearly  12  feet  per  mile, 
while, for  the  next  20  miles  above,  or  even  50  miles  above,  the 
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average  fall  is  less  than  two-thirds  of  this.  In  the  upper  por- 
tion, the  present  floor  of  the  stream  nearly  corresponds  with 
an  old  floor.  In  the  lower  portion,  this  old  floor  continues  on 
to  the  mouth  with  a  rate  of  descent  a  little  less  than  that  of 
the  upper  portion,  following  the  normal  law.  The  later 
stream  has  here,  however,  cut  down  145  feet  below  the  old 
floor.  But  this  lessens  rapidly  up  stream,  and  at  20  miles 
above  the  mouth,  it  is  reduced  to  about  60  feet.* 


""TfSer  A«w^   ^    lake  £rie      (stj'AT) 
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Fig.  2.  Profile  along  a  portion  of  the  Low  Grade  Division  of  the  Allegheny 
Yalley  Railway  (so  named  because  of  the  low  altitude  at  which  it  crosses  the 
Allegheny  mountains).  It  serves  to  show  the  increase  in  the  rate  of  fall  of  Red- 
bank  river  in  its  lower  20  miles,  a  feature  due  to  the  deeper  trenching  of  that 
portion.  The  profile  also  serves  to  show  the  extreme  narrowness  of  the  col 
which  separates  the  Redbank  and  Susquehanna  systems^  the  tunnel  beneath  the 
col  being  but  1950  feet  in  length. 

It  appears  quite  evident  from  these  facts  that  there  has  been 
an  abnormal  deepening  of  the  Allegheny  since  the  formation 
of  the  old  floor,  and  that  this  has  been  so  recent  that  it  has,  as 
yet,  only  made  itself  seriously  felt  upon  the  gradient  of  the 
Redbank  in  its  lower  20  miles.  Such  an  abnormal  deepening 
is  accounted  for  by  the  sudden  enlargement  of  the  draina^ 
area  to  several  times  its  previous  size  in  consequence  of  the 
diversions  of  drainage  previously  discussed.  We  do  not  think 
a  simple  change  in  the  altitude,  or  in  the  general  slope  of  the 
region,  would  produce  a  result  of  precisely  this  nature.  The 
main  stream,  of  course,  usually  leads  in  rejuvenated  excava- 
tion, but  not  in  such  a  disproportionate  degree  as  this  nor  in 
precisely  this  method. 

An  objection  to  the  northwestward  outlet  may  perhaps 
seem  to  be  presented  by  the  deposits  of  gravel  wnich  occur 
along  the  Allegheny  valley  between  .the  mouth  of  French 
creek  and  the  mouth  of  the  Clarion.  In  several  places,  not- 
ably at  the  bends  of  the  river  at  Brandon,  at  a  point  two  miles 
below  Brandon,  at  Kennerdell,  at  Black's  (Winter  Hill  station), 
and  at  Emlenton,  there  are  deposits  on  the  face  of  the  gorge 
extending  from  near  the  river's  edge  up  to  heights  of  2OO-300 

*  Compare  statement  of  Prof.  I.  C.  White  respecting  the  relative  altitude  of 
water  deposits  on  the  upper  and  lower  courses  of  the  Conemaug^,  YoughiogheDj 
and  Cheat  rivers,  this  Journal,  November,  1887,  p.  378. 
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feet  or  more  above  the  stream.  The  occurrence  of  this  gravel 
at  low  levels  cannot  be  accounted  for  by  creeping  or  land 
slides,  since,  in  some  places,  notably  at  Kennerdell  and  two 
miles  below  Brandon,  the  gravels  snow  clearly  by  their  situa- 
tion and  bedding  that  they  have  not  been  disturbed  since  the 
stream  deposited  them.  We  are  not,  however,  reduced  to  the 
one  interpretation  that  the  valley  had  been  opened  to  its  pres- 
ent depth  and  had  southward  drainage  before  the  beginning 
of  the  glacial  period.  These  gravels  are  in  every  observed 
case  situated  on  sloping  points  on  the  inner  curves  of  sharp 
bends  in  the  river.  At  such  places  a  stream  works  outward 
as  well  as  downward,  there  being  erosion  on  the  outer  curve 
and  liability  to  deposition  on  the  inner  curve.  It  is  to  be 
expected,  therefore,  on  the  hypothesis  that  the  stream  has 
greatly  deepened  its  channel  since  the  ice  invasion,  that  such 
deposits  should  be  present,  and  these  deposits  do  not,  we 
think,  necessarily  oppose  the  hypothesis  of  former  northwest- 
ward drainage,  nor  that  of  great  erosion  since  the  beginning  of 
the  glacial  period. 

The  Lower  AUegheny-Moiiongahela- Upper  Ohio  Basin. — 
Dr.  P.  Max  Foshay,  taking  up  a  suggestion  of  Dr.  J.  W. 
Spencer,*  has  brought  out  evidence  in  support  of  the  hypoth- 
esis that  the  Lower  Allegheny  and  Monongahela  drainage 
basins,  together  with  a  considerable  portion  of  the  upper  Ohio, 
formerly  discharged  through  the  Beaver,  Mahoning,  and  Grand 
river  valleys  to  the  Lake  Erie  basin.f  He  first  called  atten- 
tion to  evidence  furnished  by  the  elevated  base-plane,  or  gra- 
dation-plane (200-300  feet  above  the  present  beds).  He  noted 
the  great  breadth  of  this  plane  on  the  Beaver,  its  apparent 
northward  slope  and  the  occurrence  on  its  rock  surface  of  pot 
holes  which  appear  to  have  been  formed  by  a  north-flowing 
stream.  This  gradation  plane  was  traced  no  farther  than 
Wampum,  some  fifteen  miles  from  the  mouth  of  the  Beaver, 
where  glacial  deposits  become  so  thick  as  to  make  further 
tracing  difficult,  but  it  was  thought  by  him  to  have  followed  a 
direct  course  along  the  Mahoning  to  the  Grand  river  basin. 

In  the  studies  of  the  past  season,  an  attempt  was  made  to 
trace  the  old  gradation-plane  of  the  Beaver  from  the  point 
where  Dr.  Fosnay  left  it  to  the  Grand  river  basin.  It  was 
found  that  the  Mahoning  route,  which  is  the  most  direct  one, 
was  not  a  probable  line  of  discharge  since  the  valley,  as  indi- 
cated more  fully  below,  is  very  narrow  in  the  vicinity  of  the 
Ohio-Pennsylvania  state  line,  and  bears  evidence  of  a  reversal 
of  drainaga     Nothing  was  found  to  oppose  the  view  that  the 

♦Penn.  Second  Geol.  Survey,  QQQQ,  1881,  pp.  385,  409. 
t  This  Journal,  Nov.,  1890. 
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old  stream  may  have  followed  the  lower  part  of  the  Sheiiango 
in  reverse  as  far  north  as  Sharon,  Pennsylvania  (passing  per- 
haps through  an  abandoned  valley,  which  leads  across  from 
the  Mahoning  to  the  Shenango,  between  Edenburg  and  Har- 
bor Bridge).  From  Sharon,  it  may  have  turned  westward  to 
the  Mahoning  river  at  Youngstown,  through  a  lowland  tract 
occupied  by  the  Erie  and  the  L.  S.  &  M.  S.  railways,  since  at 
Hubbard,  Ohio,  situated  in  the  midst  of  this  lowland,  the  rock 
floor  is  found  to  be  but  790  feet  A.  T.,  or  about  100  feet 
lower  than  the  rock  surface  of  the  gradation-plane  on  the 
Beaver,  at  Wampum  (about  40  miles  south).  The  valley  is 
broader  than  that  occupied  by  the  Mahoning,  a  feature  which 
lends  support  to  this  route  in  preference  to  the  direct  one 
through  the  latter  valley  suggested  by  Spencer  and  Foshay. 

The  slope  of  the  uplands  lends  some  support  to  the  theory 
of  northward  discharge,  there  being  a  decline  of  about  200 
feet  between  the  mouth  of  the  Beaver  and  Sharon,  and  an 
additional  decline  of  50  feet  to  the  border  of  the  Grand  river 
basin  (see  profile  B,  fig.  3). 
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Fig.  3.  Profile  A  shows  the  old  gradation-plane,  the  buried  channels,  and 
the  present  drainage  of  the  Mahoning-Beaver  system,  between  Niles,  Ohio,  and 
Beaver,  Pennsylvania,  together  with  the  old  col  at  Lowellville.  In  this  and  in 
profile  B  well  sections  are  represented  by  vertical  lines  beneath  the  line  of  the 
present  stream. 

Profile  B  shows  the  old  gradation-plane,  the  buried  channels,  and  the  present 
drainage  of  the  supposed  old  outlet  of  the  upper  Ohio  between  Beaver,  Pennsyl- 
vania, and  Niles,  Ohio. 

The  hypothesis  of  northward  drainage  on  the  upper  Ohio 
derives  support  from  the  narrowness  of  the  portion  of  its  pres- 
ent valley  along  that  part  of  West  Virginia  known  as  the 
"  Panhandle."  The  narrowness  of  this  portion  of  the  valley 
has  been  a  matter  of  remark  by  nearly  all  glacialists  who  have 
traversed  the  region,  the  width  being  scarcely  one-half  as 
great  as  on  the  portion  of  the  Ohio  between  Pittsburg  and  the 
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mouth  of  the  Beaver,  or  on  the  supposed  outlet  along  the 
Beaver  and  lower  Shenango.  It  is  further  supported  by 
peculiarities  in  the  drainage  of  the  upper  Ohio.  IJearly  all 
the  tributaries  entering  the  valley  above  New  Martinsville, 
West  Virginia,  point  northward,  i.  e.  up  stream,  as  the  river  now 
flows,  while  those  below  point  down  stream.  The  suggestion 
of  an  old  water  parting  here  occurred  to  the  senior  writer  in 
a  trip  up  the  Ohio  some  years  ago,  and  we  learn  that  the  same 
thought  has  occurred  to  Mr.  Carll. 

The  junior  writer  gave  some  attention  the  past  season  to 
the  high-level  terraces  between  Wheeling,  West  Virginia,  and 
the  mouth  of  the  Beaver.  Many  remnants  of  these  terraces 
occur  in  recesses  of  the  valley  and  on  the  lower  courses  of 
tributaries. 

At  first  inspection  the  shelves  do  not  seem  to  fall  into  ob- 
vious systems,  and  as  our  work  on  them  is  not  yet  complete 
we  shall  express  no  final  judgment  here.  A  preliminary  study 
of  the  data,  however,  seems  to  throw  the  higher  shelves  into  a 
very  interesting  and  significant  two-fold  system. 

Starting  with  the  well  developed  high  terraces  at  the  mouth 
of  the  Beaver  where  the  rock  shelf  is  about  880  feet  A.  T. 
and  the  gravel  terrace  935  feet,  we  find,  six  miles  below,  a  rock 
shelf  at  940  feet  A.  T.  covered  with  early  glacial  gravel ; 
another  12  miles  farther  down  at  East  Liverpool,  Ohio,  at  950 
feet;  another  at  Wellsville,  Ohio  at  about  the  same  height; 
another  shelf  six  miles  below  Wellsville  at  Tomlinson  Kun, 
at  about  1000  feet  (without  glacial  gravel) ;  another  north  of 
New  Cumberland,  West  Virginia  (two  miles  farther),  at  about 
985  feet  covered  with  scattering  pebbles,  but  no  Canadian 
pebbles  found  ;  another  at  Toronto,  Ohio  (four  miles  farther 
south),  has  about  10  feet  of  glacial  gravel  on  a  shelf  950  feet 
A.  T.  plainly  occupying  the  deepened  portion  of  an  old  river 
bend.  This  is  the  farthest  point  to  which  the  high  level  gla- 
cial gravels  were  traced.  Although  slightly  higher  than  at 
the  mouth  of  the  Beaver  they  are  15  feet  lower  at  Toronto 
than  at  Pittsburg,  a  feature  which  indicates  that  they  have 
suffered  reduction  at  Beaver.  About  five  miles  below  Toronto, 
at  HoUiday  Cove,  West  Virginia,  there  is  an  interesting  branch 
of  the  deeper  channel  cutting  off  an  island  upland,  as  it  were, 
which  is  tilled  with  late  glacial  gravels.  Across  this  island 
there  passes  an  old  channel  of  Harmon's  creek  (an  eastern 
tributary),  which  stands  at  350  feet  above  the  river,  or  990 
feet  A.  T.  Opposite  Steubenville,  Ohio  (three  miles  below),  a 
shelf  stands  at  about  1000  feet ;  another  on  a  western  tributary 
at  Mingo  Junction,  Ohio  (two  miles  farther),  at  about  the  same 
height;  another  at  Wellsburg,  West  Virginia  (four  miles  be- 
low), is  slightly  higher  (1005  feet  A.  T.).     This  is  weJJ  devel- 
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oped  along  Buffalo  creek  and  also  north  of  its  mouth.  At 
Beech  Bottom,  West  Virginia  (three  miles  below  Wellsburg), 
is  a  broad  shelf  at  935  feet ;  at  Portland,  Ohio  (four  miles  far- 
ther), there  are  two  notable  shelves,  the  higher  at  1085  feet 
and  the  lower  at  950  feet ;  opposite  Wheeling,  West  Virginia 
(eight  miles  below  Portland),  there  is  a  notable  terrace  at  930 
feet  and  another  at  990  feet,  while  back  of  Wheeling  a  plain 
sweeps  about  the  high  hills  at  about  1100  feet. 

Here  there  seems  irregularity  and  want  of  system,  but  if  the  930 
feet  terrace  at  Wheeling,  the  950  feet  terrace  at  Portland,  and  the 
935  feet  terrace  at  Beech  Bottom  be  connected  with  the  950  feet 
terrace  at  Toronto  where  the  glacial  gravels  cease,  and  these  be 
interpreted  as  remnants  of  the  trench  cut  across  the  old  divide 
after  the  supposed  reversal  and  while  the  gravels  above  were 
being  accumulated,  and  if  all  the  rest  be  interpreted  as  rem- 
nants of  the  floor  of  the  old  system  running  northward  to  join 
the  lower  AUeghenyMonongahela-Beaver  system,  the  whole 
seems  to  fall  into  tolerable  harmony.  The  terraces  referred  to 
the  trench  below  Toronto  are  generally  swept  clean  of  debris 
and  so  accord  with  the  hypothesis.  The  breadth  of  the  cor- 
responding gradation-plane  at  the  mouths  of  tributaries  seems 
larger  than  might  be  expected  under  this  hypothesis  unless  we 
make  the  first  glacial  epoch  long,  and  this  is,  perhaps,  against 
the  hypothesis.     We  leave  the  question  open  for  the  present. 

Dr.  Foshay  also  called  attention  to  the  low  altitude  of  the 
present  roch  floor  of  the  valley  along  the  supposed  outlet 
(there  being  oil  well  records  showing  lower  rock  bottom  on 
the  Mahoning  than  at  the  mouth  of  the  Beaver),  and  he  main- 
tained that  northward  discharge  was  continued  until  the 
streams  had  reached  this  low  level.  In  opposition  to  this 
view,  it  has  since  been  determined  by  Mr.  R.  R.  Hice  that  the 
rock  floor  does  not  have  a  regular  descent  northward  from  the 
mouth  of  the  Beaver,  but  stands  60  to  70  feet  higher  in  the 
gorge  near  the  mouth  of  the  Connoquennessing  than  at  the 
mouth  of  the  Beaver,  and  about  90  feet  higher  than  at  Eden- 
burg,  about  15  miles  up  stream.  His  data  seem  complete,  as 
the  piers  of  a  railway  bridge  were  built  upon  the  rock  floor 
and  so  distributed  as  to  test  the  middle  as  well  as  borders  of 
the  valley.  So  far  as  collected,  the  data  from  well  sections, 
both  on  the  Mahoning  and  Shenango,  oppose  the  view  that  the 
low  rock  floor  near  Edenburg  was  occupied  by  a  stream  which 
discharged  into  the  Lake  Erie  basin  (see  sections  A  and  B, 
fig.  3).  The  Mahoning,  just  above  the  very  deeply  excavated 
portion,  has  a  narrow  valley  80  to  100  rods  wide,  or  scarcely 
one-half  of  its  width  where  deeply  excavated.  From  the  bor- 
ders of  this  narrow  portion,  tributary  streams  descend  over 
cascade^  from  levels  of  100  to  200  feet  above  the  river.    A 
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study  of  the  old  and  the  present  rock  floors  on  these  tributa- 
ries leads  us  to  locate  an  old  col  near  Lowellville,  Ohio,  just 
west  of  the  State  line,  the  altitude  of  which  appears  to  have 
been  at  least  1025  feet  A.  T.  This  has  been  trenched  to  a 
depth  of  about  200  feet,  and  has  a  width  at  bottom  of  from  80 
to  100  rods  in  the  narrowest  portions.  Within  this  narrow 
portion,  there  is  a  still  narrower  trench,  in  places  restricted  to 
the  limits  of  the  present  river  channel,  a  width  of  but  15  to  20 
rods.  (The  greater  part  of  the  valley  is  floored  with  rock  at  a 
level  20  feet  or  so  above  the  present  stream,  as  shown  in  sec- 
tion A,  fig.  3).  In  this  inner  trench,  no  borings  have  reached 
the  depth  of  those  near  the  mouth  of  the  Mahoning  before  en- 
tering rock.  Two  borings,  one  at  Hazleton  and  the  other  a 
mile  east  of  Struthers,  Ohio,  enter  rock  at  only  80  and  70  feet, 
respectively,  below  the  present  stream.  These  are  140  to  150 
feet  above  the  low  rock  floor,  near  Edenburg,  only  nine  miles 
below  Struthers.  The  inner  very  narrow  trench  is  obviously 
a  minor  feature  in  the  history  of  the  valley.  The  main  work, 
after  reversal,  was  the  cutting  of  a  trench  across  the  old  divide 
about  200  feet  deep  and  80  to  100  rods  wide  in  its  narrowest 
parts.  The  most  interesting  feature  of  the  lower  part  of  the 
valley  is  the  sudden  descent  it  makes  just  above  Edenburg. 
Here  the  buried  floor  falls  165  feet  in  a  half  mile,  as  shown  by 
four  wells.*  The  declivity  may  even  be  more  precipitous  as 
the  wells  are  not  so  situated  as  to  limit  the  space  occupied  in 
the  descent  more  closely.  A  mile  further  down  the  stream,  a 
well  penetrates  200  feet  of  drift,  about  190  feet  being  below 
the  present  river.  Farther  down  stream,  so  far  as  there  is  evi- 
dence, the  rock  floor  rises,  and,  in  the  Beaver  gorge  near  the 
mouth  of  the  Connoquennessing,  is  within  52  feet  of  the  bot- 
tom of  the  present  river,  or  90  feet  above  the  deepest  portion 
near  Edenburg.  Profile  A,  fig.  3,  shows  this  diagrammati- 
cally.  This  profile  strongly  suggests  a  fall  or  steep  cascade  at 
Edenburg  with  a  pool  below.  And  this  suggestion  falls  in 
very  happily  with  the  indicated  history  of  the  region,  which 
seems  to  be  as  follows : 

Before  the  ice  invasion  forced  the  waters  of  the  upper  por- 
tion of  the  Grand  river  basin  across  the  divide  at  Lowellville 
thereby  forming  the  Mahoning  river,  a  tributary  about  three 
miles  long  descended  to  the  main  valley  now  occupied  by  the 
Shenango-Beaver  river  (then  probably  occupied  by  the  north- 
ward flowing  Monongahela-Beaver  system).  This  small  tribu- 
tary we  think  joined  the  main  valley  at  the  horizon  of  the 
upper  terrace  level.  At  any  rate,  the  drainage  of  the  three- 
mile  valley  would  be  quite  incompetent  to  develop  a  deep 
pool. 

*  Wo  are  indebted  to  Mr.  W.  II.  Raub  of  Edenburg  for  these  data. 
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But  when  the  waters  of  the  upper  Grand  river  basin  were 
forced  over  the  col  in  large  volume  and  descended  the  steep 
slope  of  the  little  valley  (from  about  1025  feet  A.  T.,  to  about 
850  feet  A.  T.,  in  three  miles),  deep  scouring  at  the  month 
would  naturally  result  and  the  formation  of  cascades  or  falls 
would  readily  follow.  These  would  work  up  stream  as  the 
erosion  progressed.  They  appear  to  have  reached  a  point  just 
above  Edenburg  when  a  later  incursion  of  the  ice  stopped  the 
process  and  filled  the  deep  valley  with  debris.  After  episodes 
that  need  not  be  noted  here,  the  stream  assumed  its  present 
horizon. 

Passing  by  several  minor  features  of  interest,  the  phe- 
nomena seem  to  clearly  point  (1)  to  very  notable  erosion  (200 
to  250  feet),  after  the  drainage  was  reversed  by  the  ice,  and 
(2)  to  the  filling  of  the  trench  so  cut  200  feet  or  more  with 
drift  by  a  later  ice  incui-sion,  and  (3)  to  only  a  very  moderate 
erosion  since  this  late  filling.  This  valley  which  was  cut  after 
the  early  reversal  bears  on  its  sides  morainic  debris,  and  also  at 
some  points  in  the  bottom  of  the  stream.  The  stream  has  not 
here  cut  into  the  later  drift  to  exceed  75  feet. 

The  profile  along  the  Shenango  river  shows  phenomena  in 
harmony  with  these.  Only  that  portion  of  the  pool  which 
lies  below  the  junction  of  the  two  streams  appears  as  a  notable 
phenomenon.  It  shoals  rapidly  to  the  north  as  though  the 
Shenango  merely  bevelled  the  up-stream  edge  of  the  Mahon- 
ing pool. 

The  formation  of  the  pool  was  favored  by  the  softness  of 
the  rock  in  this  portion  of  the  valley  and  the  hardness  of  the 
Homewood  sandstone  near  the  mouth  of  the  Connoqnenessing. 

This  reference  of  the  puzzling  phenomena  presented  by  the 
closed  basin  in  the  bottom  of  the  Mahoning  and  Shenango 
valleys  at  their  junction  to  the  exceptional  scouring  action  of 
the  Mahoning  consequent  upon  its  precipitous  descent  from 
the  Lowellville  col  when  forced  over  it  by  the  invading  ice 
seems  to  tit  the  phenomena  much  better  than  previous  hypoth- 
eses,* though  the  other  hypotheses  may  find  partial  applica- 
tion here  and  more  full  application  elsewhere  in  the  region. 

So  far  as  these  observations  go,  they  are  in  consonance  with 
the  hypothesis  of  northward  discharge  advocated  by  Dr.  Fo- 
shay,  differing  from  it  only  in  suggesting  that  the  probable 
watershed  may  be  some  50  miles  further  south  on  the  Ohio, 
and  in  restricting  the  application  of  the  hypothesis  to  the  ele- 

*The  scouring  of  streams  of  ice,  I.  C.  White.  Second  Penn.  GeoL  Survey, 
Q,  p.  IT.  QQ.  pp.  16-20.  Q.?.  p.  20.  Q^,  pp.  .37-38.  and  elsewhere  in  these  reports. 
Ice  and  under-ice  currents,  .7.  F.  Carll.  Second  Penn  Geol.  Survey,  III,  p.  362 
(Footnote).  IIII.  pp.  234-5  (Footnote).  Northward  differential  uplift,  P.  Max 
Foshay.  This  Journal,  Nov..  1890.  p.  400.  Northward  differential  depression, 
ice.  and  subglacial  waters,  Frank  Leverett.     This  Journal,  Sept,  1891,  pp.  208-9. 
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vated  gradation-plane,  or  to  the  upper  part  of  the  trench 
within  it.  They  seem  to  show  that  it  is  inapplicable  to  the 
lower  part 

Other  changes  of  drainage  in  the  Ohio  Basin.  —  Though 
beyond  the  field  of  this  paper,  we  call  attention,  by  way  of 
suggestion,  to  possible  changes  of  drainage  in  portions  of  the 
Ohio  basin  further  west.  The  present  divide  between  the 
Lake  Erie  and  Ohio  basins  in  eastern  Ohio  is  apparently  much 
farther  north  than  the  preglacial  divide,  there  being  a  series  of 
deeply  filled  valleys  crossing  the  watershed  and  connecting 
with  the  Mahoning  and  Cuyahoga  valleys.  A  well  near  this 
watershed,  about  six  miles  southwest  of  Akron,  penetrated  400 
feet  of  drift  and  struck  rock  not  far  from  the  level  of  the  sur- 
face of  Lake  Erie,  though  distant  35  miles  from  the  present 
shore  of  the  lake.  Several  wells  a  few  miles  farther  west,  in 
the  vicinity  of  Sterling,  penetrate  about  as  great  an  amount  of 
drift  and  enter  rock  at  the  same  low  level.  How  much  terri- 
tory was  thus  drained  to  the  Lake  Erie  basin  has  not  been  de- 
termined. The  size  of  the  Cuyahoga  valley  and  of  the  upper 
part  of  the  Mahoning  warrants  the  presumption  that  it  was  a 
large  territory.  The  relation  of  these  drainage  systems  to  the 
present  watershed,  and  the  lines  of  possible  connection  across 
the  watershed,  are  shown,  in  part,  on  map  2. 

We  would  also  add  that  the  small  size  of  the  lower  Ohio 
valley  is  suggestive  of  great  enlargement  of  drainage  area 
within  a  recent  period. 

The  suggestion  has  been  entertained  by  several  geologists, 
notably  Professor  J.  F.  James,^  that  the  Ohio  river  formerly 
departed  from  its  present  course  just  above  Cincinnati  and 
followed  Mill  Creek  valley  to  Hamilton,  and  thence  the  Great 
Miami  valley  to  its  junction  with  the  present  Ohio,  and  that  it 
was  forced  from  this  course  by  the  ice  invasion,  and  caused  to 
cut  the  trench  which  it  now  occupies  at  and  below  Cincinnati. 
This  hypothesis  is  to  be  carefully  distinguished  from  that  of 
the  Cincinnati  ice  dam,  with  which  it  is  in  ill  accord  since  the 
Cincinnati  trench  could  not  have  been  dammed  until  it  was 
formed,  and,  by  hypothesis,  it  was  only  formed  after  the  ice 
forced  the  river  out  of  the  Mill  Creek  channel. 

It  has  long  been  known  that  the  present  channel  of  the 
Ohio,  at  Louisville,  Kentucky,  is  recent.  Its  present  location 
seems  to  be  the  result  of  valley  filling  during  the  later  glacial 
stages. 

oummary. — Summing  up  the  preceding,  it  appears  that  the 
evidence  is  very  strong  that  the  two  uppermost  sections  of  the 
Allegheny  basin,  including  also  Oil  Creek  basin,  formerly  dis- 

*  Journal  Cincinnati  Soc.  Nat.  Hist.,  1888,  pp.  96-101. 
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charged  northwesterly ;  that  the  evidence  relative  to  the  mid- 
dle Allegheny  makes  it  very  probable  that  this  also  discharged 
northwesterly ;  that  the  evidence  relative  to  the  lower  ^le- 
gheny  and  the  upper  section  of  the  Ohio  river  also  favors  a 
northerly  discharge,  but  is,  as  yet,  too  incomplete  to  justify  a 
firm  opinion. 

Whether  this  weighing  of  the  evidence  is  entirely  correct  or 
not,  it  is  manifest  that  the  preglacial  erosion  of  these  sections 
must  be  determined  severally  and  independently  if  any  safe 
conclusions  are  to  be  drawn.  If  they  were  separate  basins,  the 
depth  of  erosion  of  one  does  not  determine  that  of  the  others, 
which  were  in  no  way  perhaps  directly  connected  with  it. 
There  would  be  a  certain  harmony,  so  far  as  like  conditions 
prevailed,  and  the  argument  of  analogy  would  have  a  proper 
application.  In  applying  it,  however,  it  is  necessary  to  ob- 
serve that  the  united  sections  were  unlike  in  size,  in  direction, 
and  in  distance  from  the  major  basins  into  which  they  emp- 
tied. More  particularly  must  it  be  noted  that  the  united  parts 
represent  different  fractions  of  their  systems.  Some  are  head- 
water sections,  some  body  sections  ;  and  these  have  each  their 
characteristic  differences. 

A  few  of  the  salient  features  of  the  old  fluvial  floors  are  all 
that  space  will  permit  here. 

Old  Fluvial  Floors, 

The  old  fluvial  floor  of  the  uppermost  section  finds  its  low- 
est point,  on  the  line  of  the  present  Allegheny,  at  Steamburg, 
where  it  is  about  1050  feet  A.  T.  From  this  point,  the  old 
floor  rises  both  up  stream  and  down  stream.  Going  up 
stream,  the  rock  floor  rises  so  as  to  become  the  bottom  of  the 
present  stream  only  far  up  towards  the  head-waters,  in  Potter 
county,  Pennsylvania.  Going  down  stream,  it  rises  so  as  to 
come  near  the  surface  at  Kinzua,  where  the  old  col  was  cut 
across.  The  present  floor  here  stands  at  about  1170  feet  A.  T. 
The  old  floor  was  considerably  higher,  but  we  have  little  data 
for  an  estimate  of  how  much. 

In  the  second  of  the  united  sections,  we  have,  in  the  track 
of  the  Allegheny,  only  a  short  segment  crossing  the  upper 
part  of  the  old  basin.  The  old  floor  appears  to  drop  down 
from  the  old  col  at  Kinzua  to  1150  feet  A.  T.,  and  possibly  to 
1100  feet,  and  then  to  rise  toward  the  old  col  at  Thompson's 
reaching  about  1220  feet  A.  T.,  as  well  as  we  can  estimate  it, 
— possibly  more.  The  lowest  point  of  this  segment,  it  will  be 
seen,  is  50-100  feet  higher  than  the  lowest  point  in  the  upper 
section.  It  is  more  than  a  hundred  feet  higher  than  the  low- 
est point  in  the  adjoining  section  to  the  south,  and  about  100 
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feet  above  the  old  floor  at  the  month  of    the  *- 

Clarion,    It  is,  therefore,  the  hif^heBt  of  the  united        ^,  . 
segments  in  the  track  of  the  Allegheny  and  most 
nearly  coincides  with  the  present  river  bed,  which 
lies  above  the  old  floor  in  the  upper  section  and 
below  it  in  the  lower  sections,  as   we  read  the   ; 
phenomena.    On  the  middle  Allegheny,  or  French 
Creek  section,  the  old  floor  descends  from  the  col    1 
at  Thompson's  to  the  ox-bow  at  Franklin  where    i 
it  stands  at  leas  than  1015  feet  A,  T.     From  this,  ' 
the  floor  of  the  old  east  Sandy  creek  rises  rapidly 
to  the  col  between  it  and  the  west  Sandy  creek, 
where  it  descends  rapidly  to  the  latter,  and  then 
ascends  it  to  the   col   near  the   mouth   of    the 
Clarion,   which  has  an    estimated   altitude   1300 
feet  A.  T.     From  this  there  was  a  rapid  descent 
to  the  old  well-developed  floor  at  the  mouth  of 
the  Clarion,  at  about  1050  feet  A.  T.     Thence 
there  is  along  very  gradual  descent  to  Pittsburgh, 
and  thence   to   the   mouth  of   the   Beaver,   and 
probably  onward  northwesterly  to  the  old  Eric 

The  above  represent  our  interpretations,  based 
upon  present  data,  of  the  preglacial  condition  of 
the  track  selected  by  the  Allegheny  under  the 
compulsion  of  the  ice.  It  will  doubtless  require 
some  mod  ill  cations  in  detail,  at  least. 

Into  the  Braall  upper  segments  of  the  united 
basins,  the  glacial  waters,  issuing  from  the  edge 
of  the  ice  th:it  here  lay  close  to  the  track  of  the 
Allegheny,  poured  great  quantities  of  glacial  wash 
and  tilled  them  to  irregular  heights  according  to 
the  volume  of  the  feeding  and  the  ca]}aeity  of 
the  valleys.  The  present  stream,  therefore,  runs 
relatively  high  on  these  accumulations,  and  has 
not  reacned  even  the  old  floors  in  the  axes  of  the 
two  uppermost  sections,  if  we  interpret  aright. 
But  in  the  Lower  Allegheny-Monongahela-Ohio 
section,  we  understand  it  to  lie  far  below  the 
old  floor  as  has  been  urged  elaewiiere.* 

FiQ.  i.  Profile  along  tbe  present  Allegheny  and  Ohio  rivere  from  Stesmburg, 
New  York,  to  Toronto,  Ohio,  represenliiig  the  upper  limit  of  glucial  gravel,  the 
gradatioD-plBEieB,  tbe  cola  and  tbe  present  stream  bed,  also  the  general  level  of 
the  uplanda.  The  gradation- planes  and  cola  are  indicated  by  broken  linea,  the 
other  planes  by  contiuuouB  liae^.  Attention  Is  Called  to  tbe  building  up  of  the 
glBCinl  gravels  to  great  heights  at  points  where  contributiooa  were  made  from  the 
ice  sheet,  and  to  the  regular  slope  in  the  long  stretch  between  the  mouth  of  tbe 
Clarion  and  the  mouth  of  tbe  Ueaver  where  qo  contributiona  of  glacial  gravel 
were  made  by  tributary  streama. 

0.     T.C 
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Before  pursuing  the  gravel  depositions  further,  a  word 
needs  to  be  said  about  the  glacial  formations. 

The  Drift. 

The  general  nature  of  the  drift  border  of  this  region  is  so 
well  known  as  to  need  but  a  passing  word.  It  stretches  along 
the  northwestern  rim  of  the  present  Allegheny  basin,  en- 
croaching considerably  upon  it.  It  consists  of  two  important 
factors,  the  more  obtrusive  of  which  is  a  group  of  terminal 
moraines  that,  to  the  southwest  and  northeast,  deploy  as  sepa- 
rate and  independent  moraines,  but  are  here  so  coalescent  as 
to  render  their  individual  recognition  difficult.  It  is  helpful 
to  bear  in  mind  that  we  are  not  dealing  with  a  single  terminal 
moraine,  but  with  a  group,  and  that  the  more  protruding  mo- 
raine in  one  part  is  not  necessarily  the  same  as  in  another. 
We  shall  have,  however,  no  occasion  to  dwell  upon  this 
distinction. 

Outside  of  this  group  of  terminal  moraines,  there  is  an 
attenuated  drift  whose  thinness  is  probably  due  partly  to 
original  deposition  and  partly  to  subsequent  wastage.  To 
us,  it  seems  demonstrably  much  older  than  the  term- 
inal moraines  and  the  drift  sheets  back  of  them.  Asso- 
ciated with  this  attenuated  drifts  and  springing  from  it, 
there  are  ti^ains  of  gi^aveL  This  important  fact  appears 
not  to  have  been  previously  observed.  Their  connection 
with  it  seems  to  be  essentially  the  same  as  that  of  the  over- 
wash  and  out  wash  drifts  that  are  so  common  and  signifi- 
cant dependencies  of  the  distinct  terminal  moraines.  These 
trains  of  gravel  have,  in  several  instances,  been  traced  to  their 
heads  and  found  to  connect  themselves  definitely  with  this 
attenuated  border  drift  at  levels  much  higher  than  the  junc- 
tion of  the  moraine-headed  terraces  with  their  drift  sheets. 
For  example,  at  the  headwaters  of  Tidioute  creek  (some  seven 
or  eight  miles  north  from  the  city  of  Tidioute),  there  is  found 
a  distinct  overwash  gravel  deposit  at  the  outer  edge  of  the  old 
drift  at  an  altitude  of  1700  feet  A.  T.,  while  just  above  Tidi- 
oute in  the  Allegheny  valley  the  early  gravels  attain  a  height 
of  1420  feet  A.  T.,  or  330  feet  above  the  present  level  of  the 
river.  This  great  valley  tilling  was  probably  from  a  tongue  of 
ice  thrust  into  the  Allegheny  below  Irvineton  as  well  as  from 
contributions  from  the  tributary,  Tidioute  creek. 

On  one  of  the  headwaters  of  Pit  Hole  creek,  at  Pleasant- 
ville,  similar  gravels  attain  a  depth  of  80  feet  and  have  an 
altitude  of  over  1600  feet  A.  T.  Unassorted  drift  occurs  in 
immediate  connection  with  these  up  to  a  height  of  1725  feet 
(see   Carll,   Penn.    Kept.   I,    1875).      Similar    gravels    occur 
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on  the  headwaters  of  West  Hickory  creek  situated  between 
the  above  streams.  Occasional  remnants  of  eravel  deposits  on 
the  slopes  of  the  lower  courses  of  these  valleys  at  heights  of 
200  feet  or  more  above  the  present  creek* bottom,  together 
with  the  fact  of  an  open  valley  to  the  Allegheny,  at  least  sug- 
gest the  view,  if  they  do  not  demonstrate  it,  that  these  gravel 
trains  were  connected  with  the  upper  terrace  gravels  of  the 
Allegheny. 

At  Clarendon,  there  seems  ground  for  believing  that  the 
old  ice  border  sent  a  tongue  into  the  mouth  of  the  old  Tio- 
nesta  valley,  since  it  left  bowlders  on  the  opposite  side  of  the 
Allegheny  at  altitudes  300  feet  higher,  and  the  glacial  waters 
built  up,  with  an  abrupt  north  border,  the  unusual  thickness 
of  glacial  debris  which  constitutes  the  head  of  the  gravel  train 
that  follows  the  modern  Tionesta  valley.  The  whole  aspect  of 
the  deposit  is  that  of  a  glacial  gravel  train  heading  on  the  edge 
of  the  ice.  It  has  the  extraordinary  height  (for  a  valley  train), 
of  1500  feet  A.  T.  We  seem  to  have,  therefore,  in  this,  and  in 
the  phenomena  on  Tidioute,  Fit  Hole  and  Hickory  creeks, 
four  of  the  points  of  origin  of  the  high-level  gravel  terraces 
about  to  be  considered.  They  seem  to  constitute  connecting 
links  between  the  high  terrace  gravels  and  the  attenuated  drift. 

Terraces. 

From  what  has  already  been  said  respecting  the  drift  border 
and  reversals  of  drainage,  the  terrace  systems,  to  which  we 
now  turn,  would  naturally  be  expected  to  present  much  com- 
plexity of  detail,. and  yet  show  general  systems  corresponding 
to  the  leading  drainage  events  and  glacial  incursions.  It  will, 
therefore,  be  convenient  to  consider  the  more  pronounced  sys 
tems  of  terraces  and  then  give  so  much  attention  as  time  may 
permit  to  minor  phases. 

Whatever  more  there  may  be,  an  uppermost  and  lowermost 
series  ofgravel  terraces  are  well  characterized. 

The  upper  Gravel  Terraces. — The  upper  series  of  terraces 
are  well  developed  from  the  vicinity  of  Warren,  Fennsylvania, 
to  Toronto,  Ohio,  a  distance  of  250  miles.  They  are  quite 
varying  in  altitude,  and  in  the  depth  of  gravel,  on  the  upper 
stretches  of  the  Allegheny,  where  their  development  was 
notably  influenced  by  feeders  from  the  adjacent  edge  of  the 
ice;  but  in  the  portion  of  the  valley  outside  of  the  imme- 
diate influence  of  the  ice  edge,  the  series  developed  into 
much  regularity.  The  summit  altitudes  in  the  upper  irregular 
portion  reach  from  1200  to  1500  feet  A.  T.  In  the  lower  and 
more  regular  portion,  the  summit  heights  reach  about  1135 
feet  near  the  mouth  of  the  Clarion,  thence   descending  to 
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about  950  feet  in  a  distance  of  140  miles.  They  have  been 
traced  down  to  Toronto,  Ohio,  where  Canadian  gravel  occars 
at  the  height  last  named. 

The  average  tlnckness  of  the  gravel  in  this  more  regular 
portion  is  found  by  combining  ten  excellent  sections  to  be  83 
feet;  the  maximum  thickness  being  110  feet  and  the  mini- 
mum 55  feet.  This  is  about  double  the  thickness  heretofore 
given  by  the  senior  writer. 

Below  this  higher  system,  thin  sheets  of  gravel  occur  on  the 
slopes  of  the  valley  walls,  which  might  be  thought,  perhaps,  to 
extend  the  sections,  but  which  we  set  aside  for  consideration 
later,  as  they  do  not  seem  to  us  to  certainly  belong  to  this 
series. 

In  the  irregular  portion,  several  points  of  special  feeding 
are  recognizable.  At  Steamburg,  New  York,  the  high  ter- 
races slope  rather  rapidly  down  the  stream,  the  rate  bemg  ten 
feet  per  mile.  They  also  slope  downward  in  the  opposite 
direction,  i.e.,  up  the  stream.  As  this  is  also  in  the  portion 
of  the  valley  whose  rock  floor  descends  northward,  the  drift 
reaches  the  great  depth  of  400  feet.  It  thins  out,  however, 
to  a  few  feet  down  the  river  near  Kinzua. 

Besides  the  great  accumulations  at  Clarendon,  already  men- 
tioned, there  is  another  special  thickening  near  Reno  and  Oil 
City  where  depths  from  100  to  150  feet  occur.  These  are 
probably  referable  to  the  near  or  immediate  presence  of  the 
ice  edge  itself,  for  the  occurrence  of  foreign  drift  on  the  high- 
lands east  of  13randon  at  1400  feet  A.  T.,  suggests  the  proba 
bility  that  the  ice  edge  crossed  the  river  there  and  probably 
lay  near  it  all  the  way  between  this  point  and  Clarendon  (see 
map  1). 

Lower  Terraces, — Passing  for  the  moment  over  intermediate 
phenomena,  we  And  low  in  the  valleys  a  series  of  terraces 
which  conform  in  general  to  the  slope  of  the  present  stream, 
and  usually  do  not  rise  more  than  50  feet  above  it,  though  ex- 
ceeding this  at  points  of  special  feeding,  as  the  mouth  of  the 
Beaver,  where  the  unusual  height  of  130  feet  is  attained. 
Traced  up  stream,  these  terraces  are  found  to  head  on  the 
outer  slopes  of  the  system  of  terminal  moraines  before  men- 
tioned, at  the  points  where  these  cross  the  respective  tribata- 
ries.  The  terrace  planes  graduate  into  the  overwash  planes  of 
the  moraines  and  their  material  graduates  into  the  morainic 
material  itself  in  a  perfectly  clear  and  characteristic  way, 
which  leaves  no  room  for  doubt  respecting  their  origin.  This 
connection  may  be  seen  near  Steamburg  in  the  Cool  Spring 
creek  valley,  near  Russellbnrg  on  the  Conewango,  near  Chand- 
ler's valley  on  Jackson  Run,  near  Wrightsville  on  the  Little 
Brokenstraw,  near  Horn's  Siding  on   Big  Brokenstraw,  near 
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Hydetown  on  Oil  Creek,  near  Coopertown  on  Su^ar  creek, 
near  Utica  on  French  creek,  where,  however,  the  connection 
is  not  very  well  displayed,  near  Kaymilton  on  Sandy  creek, 
above  Homewood  on  Beaver  creek,  near  Gallilee  on  Little 
Beaver  creek,  and  near  New  Lisbon  in  another  valley  of  the 
Little  Beaver.  Besides  these  twelve  localities,  at  which  the 
relationship  of  this  low  system  of  terraces  to  the  moraines  may 
be  seen  demonstratively,  there  are  subordinate  trains  of  gravel 
that  make  still  more  certain,  if  possible,  the  relationship. 

AU  of  these  headings  of  the  terraces  are  much  lower  than 
the  upper  terraces  at  points  nearest  to  them.  In  the  upper 
part  of  the  basin,  the  higher  terraces,  even  in  the  valleys,  head 
125  to  200  feet  above  the  heads  of  the  terraces  of  the  lower 
system.  If  we  compare  with  these  the  overwash  trains  on 
Tidioute  and  on  Pit  Hole  creeks,  which  we  interpret  as  being 
eenetically  the  same,  the  difference  in  altitude  is  350-4:00  feet 
(see  section  B,  fig.  1).  If  we  compare  the  head  of  the  high- 
level  gravels  of  Clarendon  with  the  head  of  the  low-level  ter- 
race at  Kussellburg,  which  is  nearest  to  it  and  on  the  same 
ice-course,  being  only  thirteen  miles  distant,  the  difference  in 
the  altitude  is  210  feet  (see  section  A,  fig.  1).  From  this  it 
appears  to  us  perfectly  certain  that  the  high-level  terraces  had 
no  connection  with  the  morainic  overvmsh^  hut  that^  after  the 
high-level  gravel  planes  were  formed^  they  were  trenched  to 
levels  helow  the  horizon  of  the  lower  terraces  {presu^nahly  to 
the  present  rock  bottom) ;  otherwise,  the  lower  terraces  could 
not  have  been  formed.  The  two  systems  are^  therefore^  sepa- 
rated in  time  by  the  interval  required  for  this  ei'osion. 

Thus  far  we  think  all  careful  students  of  the  region  must  go 
with  us,  whatever  they  may  think  respecting  the  time  required 
for  the  erosion,  or  regarding  the  kind  of  material  removed. 

Intermediate  Phenomena. — The  pronounced  characters  and 
the  wide  separation  in  time  of  the  higher  and  lower  systems 
of  terraces  being  thus  definitely  determinate,  we  may  turn  to 
intermediate  phenomena  that  may  be  less  clear  in  their  gene- 
sis and  import.  Between  the  base  of  the  undisputed  high- 
level  gravels  and  the  summit  of  the  low-level  systems,  gravel 
is  found  at  numerous  points  on  the  sides  of  the  Allegheny 
trench.  This  gravel  is  commonly  found  on  sloping  points  in 
the  inner  bends  of  the  river  and  in  other  localities  where,  in 
cutting  down  its  valley,  the  river  would  be  likely  to  leave 
remnants  of  gravels,  if  they  were  there  before,  or  would  per- 
mit their  lodgment  in  the  process  of  sinking  its  bed,  if  not 
there  before.  Herein  lies  the  radical  difficulty  of  their  inter- 
pretation. A  winding  stream,  which  is  cutting  down  its  bed 
at  a  moderate  rate,  tends  to  extend  its  meanders  as  well  as 
deepen  its  floor,  and  so  it  cuts  outwards  as  well  as  downwards 
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on  the  convexities  of  its  bed  and  is  disposed  to  permit  the 
lodgment  of  material  on  its  concave  side  where  the  tendency 
of  the  stream  is  to  recede.  Now,  the  Allegheny  during  the 
whole  progress  of  its  descent  from  the  level  of  the  hign  ter- 
races to  its  present  position,  was  undoubtedly  a  gravel-bearing 
stream.  It  was  not  only  engaged  in  the  process  of  removal  oi 
the  gravel  along  its  own  immediate  course,  but  was  receiving 
very  much  that  was  washed  in  from  the  drift  region  adjacent, 
so  that  a  certain  amount  of  lodgment  of  transported  material 
may  be  assumed  to  have  been  inevitable.  This  is  dependent 
upon  the  same  principle  of  action  that  would  permit  the  re- 
tention of  gravels,  in  such  situations,  if  they  had  been  pre- 
viously deposited  within  the  trench.  As  the  gravels  on  the 
slopes  are  usually  thin  sheets  or  patches,  we  have  not  found 
decisive  evidence,  in  themselves,  as  to  whether  they  are  rem- 
nants of  earlier  gravels,  or  incidents  of  degradation.  We  have 
searched  industriously  for  evidence  that  should  be  decisive  on 
this  point.  Such  evidence  should  be  found  in  abandoned  seg- 
ments of  the  old  valley,  if  it  had  been  deeply  excavated  before 
the  deposit  of  the  gravels  and  had  subsequently  been  filled  by 
these  up  to  the  summit  of  high  gravels.  These  high  gravels 
fill  ox-bows  and  recessed  shelves,  and  the  stream  which  depos- 
ited them  had,  in  many  instances,  alternative  courses.  This  is 
notably  true  in  the  vicinity  of  Pittsburg.  Here  the  old  high 
plane  of  rock  was  extensively  covered  by  the  waters  that  de- 
posited the  gravels,  as  is  shown  by  the  presence  of  remnants. 
There  are,  in  the  eastern  part  oi  the  city,  four  islands  sur- 
rounded by  broad  channel- ways,  among  which  the  waters  dis- 
tributed glacial  gravels  in  greater  or  less  degree.  Now,  if  the 
present  deep  Allegheny  and  Monongahela  trenches  had  been 
cut  previously  to  the  filling  in  of  the  gravels,  there  is  only  a 
small  chance  that,  after  the  gravel- depositing  period,  during 
which  they  were  flowing  50  feet  or  more  above  the  rock  plane, 
they  would  have  descended  the  second  time  on  precisely  the 
same  lines.  Between  the  several  broad  channels  open  to  them, 
the  possible  combinations  are  32  in  number,  and  hence  theo- 
retically the  chances  of  a  combination  repeating  itself  are  one 
in  32.  If  it  be  objected  that  certain  of  the  courses  are  more 
favorably  situated  than  others,  our  answer  is,  first,  why  were 
these  others  then  ever  produced  by  the  streams  or  occupied  by 
glacial  wash,  and  our  second  answer  is,  that,  if  this  be  true  of 
certain  combinations,  it  does  not  seem  to  us  to  be  at  all  true  of 
many  others. 

Besides  this,  along  the  Allegheny  river  above,  and  also 
along  the  Ohio  river  between  Pittsburg  and  Toronto,  to  which 
point  the  high  gravels  containing  Canadian  pebbles  have  been 
traced,  there  are  perhaps  a  score  of  ox-bows,  deep  recesses, 
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shelves,  or  available  cols  which  would  afford  opportunities  for 
the  re-descendinfi^  river  to  locate  itself  on  other  lines  than  its 
old  track  with  atl  its  meanders.  When  these  possibilities  are 
added  to  the  preceding,  it  becomes  exceedingly  strange  that, 
below  the  mouth  of  the  Clarion,  no  abandoned  channel  is 
found  which  retains  any  old  tilling  comparable  in  depth  to  the 
present  trench.  We  find  numerous  old  channels  containing 
gravels  ranging  from  50  to  a  little  over  100  feet  that  represent 
such  old  courses  on  the  higher  plane.  This  demonstrates  the 
truthfulness  of  the  principle  here  urged  and  shows  its  applica- 
tion to  this  particular  field. 

If  any  other  proof  of  the  tendency  to  take  new  courses  in 
fiuch  situations  were  necessary,  we  might  find  it  in  the  Kock 
River  vallev  in  Wisconsin,  which  was  filled  up  south  of  the 
kettle  moraine  to  a  depth  of  from  350  to  400  feet  with  glacial 
wash.  The  stream  twice  within  ten  miles  of  the  head  of  the 
filling  cuts  across  rock  spurs  on  the  side  of  its  old  channel,  and 
it  makes  a  third  cut  within  the  next  ten  miles.  On  the  Chip- 
pewa river,  a  similar  number  of  rock  cuts  within  a  similar  dis- 
tance show  the  ready' applicability  of  the  principle.  In  these 
cases  the  old  valley  filling  is  retained  in  its  integrity,  and  the 
fact  of  such  filling  is  demonstrated. 

So  also  in  the  middle  Allegheny  basin,  along  the  line  of 
drainage  which  we  interpret  as  leading  northwesterly  to  the 
Lake  Erie  basin,  there  are  remnants  of  deeply  filled  abandoned 
channels ;  the  present  streams  occupying,  in  part,  newer  rock 
cuts.  At  the  mouth  of  the  French  creek,  the  old  trenches 
reach  within  about  65  feet  of  the  present  rock  floor  of  the 
Allegheny  adjacent.  The  ox-bows  and  recesses  retain  here 
and  there  a  full  section  of  the  old  filling.  These  seem  to  us  to 
emphasize  the  significance  of  the  absence  of  similar  sections 
reaching  the  bottom  of  the  present  valley  below  the  mouth  of 
the  Clarion. 

The  strength  of  this  negative  evidence,  in  the  lower  Alle- 
gheny and  the  upper  Ohio  valley,  is  such  that  we  are  unpre- 
pared to  accept  the  existence  of  thin  sheets  or  patches  of 
gravel  on  the  slopes  of  the  valley  as  establishing  even  a  pre- 
sumption that  there  was  a  trenching  to  anything  like  the  pres- 
ent depth  previous  to  the  formation  of  the  high  terraces. 

The  improbability  of  the  river  re-establishing  so  completely 
its  old  course  would  not  be  applicable  to  a  hypothesis  which 
supposed  the  formation  of  the  upper  gravels  on  a  high  rock 
floor  and  the  trenching  of  the  valley  afterwards  to  any  depth 
below  and  a  re-filling  to  a  point  somewhat  less  high  than  the 
summit  of  the  earlier  terrace  plane  for  then  it  would  be  kept 
in  its  old  course.  Such  an  hypothesis  would  comport  with 
two  interglacial  epochs,  and  if  these  remnants  on  the  slopes 
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are  really  residues  of  a  re-filled  valley,  they  would  seem  to 
point  to  such  an  interpretation. 

Low  Rock  Shelves. — Along  the  lower  Allegheny,  there 
stand  a  number  of  rock  shelves  at  about  75-100  feet  above  the 
present  river.  These  are  of  some  considerable  extent,  occa- 
sionally reaching  to  a  quarter  of  a  mile  in  breadth.  While 
not  all  at  a  common  horizon,  they  are  sufficiently  near  to  be 
fairly  correlated.  There  is  but  little  drift  on  these.  They 
may  mean  merely  an  incident  in  the  cutting  down  of  the  val- 
ley, or  they  may  signify  the  termination  of  an  epoch  of 
degradation,  followed  by  a  notable  halt  or  possibly  a  re-filling. 
We  have  found  little  to  suggest  whether  or  not  they  have 
much  significance  and  so  pass  them  for  the  present  with  sim- 
ple mention. 

In  terpretations. 

The  foregoing  outline  falls  far  short  of  properly  setting 
forth  the  facts,  and  yet  our  time  is  far  spent.  We  neverthe- 
less beg  a  few  words  respecting  interpretations.  There  is  not 
time,  however,  for  the  discussion  of  these,  and  we  shall  con- 
tent ourselves  with  a  simple  statement  of  such  hypotheses  as 
seem  to  have  any  justification  in  the  phenomena  now  known, 
and  with  some  comparisons  respecting  their  import. 

To  us  it  seems  clear  that  all  hypotheses  that  do  not  explain 
the  phenomena  by  simple  glacial  and  fluvial  action  (with  inci- 
dental ponding),  are  excluded  by  the  very  characteristics  of 
the  deposits  themselves.  We  have  reason  to  believe  that  this 
view  will  be  no  longer  seriously  contested. 

We  are  also  clear  in  the  conviction  that  no  hypothesis  of 
continuity  can  explain  the  phenomena.  They  seem  to  demand 
unequivocally  important  stages  of  deposition  separated  by  im- 
portant stages  of  excavation. 

Of  hypotheses  which  fall  within  these  limits,  there  are  three 
which  postulate  a  single  pair  of  depositions  and  of  erosions, 
and  a  fourth  which  postulates  a  triple  alternation.  The  first 
group  fall  into  accord  with  the  twofold  division  of  the  adja- 
cent drift,  the  attenuated  drift,  and  the  moraine-bordered 
drift.  The  third  conforms  to  the  threefold  division  of  the 
drift,  which  is  found  in  western  Ohio  and  bevond.  For  con- 
venience  we  shall  state  these  hypotheses  as  applied  to  the 
more  regular  part  of  the  system  below  the  mouth  of  the 
Clarion.  The  qualifications  for  the  more  irregular  upper  por- 
tion may  be  readily  derived  from  what  we  have  saia  respect- 
ing those  portions. 

Hypothesis  I, — This  hypothesis  is  based  upon  a  minimum 
expenditure  of  dynamic  action,  though  this  is  an  after  thought 
and  not  the  parent  of  the  hypothesis.     By  tliia  we  mean  mat 
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the  sum  total  of  work  done  is  the  least  that  will  apparently 
satisfy  the  phenomena,  though  more  of  the  work  is  thrown 
within  the  limits  of  the  glacial  period  than  in  the  following 
hypotheses. 

(1.)  This  hypothesis  supposes  that  the  Allegheny  valley  was 
cut  down  before  the  glacial  period  only  to  the  observed  base 
of  the  high-level  sections  of  gravel,  making  such  allowances 
for  the  incompleteness  of  observations  as  may  be  required. 

(2.)  The  first  known  ice  incursion,  which  reached  the  ap- 
proximate limits  at  which  thin  drift  and  scattered  bowlders 
are  now  found,  gave  origin  to  the  high  terrace  gravels  through 
its  outflowing  waters. 

The  amount  of  these  gravels,  even  under  this  hypothesis, 
which  minimizes  them,  seems  extraordinary,  when  the  thin- 
ness of  the  adjacent  old  drift  is  considered.  This  drift,  how- 
ever, has  undoubtedly  suffered  large  wastage  as  have  the 
gravels  themselves. 

(3.)  After  the  deposition  of  the  gravels,  the  ice  retired  be- 
yond the  basin.  So  far  as  this  problem  is  concerned,  it  mat- 
ters little  whether  farther  or  not.  Erosion  followed,  trenching 
the  gravels  not  only,  but  the  rock  beneath  to  about  the  pres- 
ent depth. 

(4.)  Another  ice  invasion  followed  forming  the  adjacent 
terminal  moraines  and  pouring  its  overwash  gravels  down 
through  the  trench  previously  cut,  forming  the  lower  gravel 
system. 

(5.)  Since  the  retreat  of  the  ice  beyond  the  limits  of  the 
basin,  these  gravels  have  been  trenched  by  the  present  streams. 

In  this  hypothesis,  the  amount  of  gravel  deposition  is  min- 
imized. The  amount  of  interglacial  erosion  is  made  a  max- 
imum. 

Hypothesis  II, — This  hypothesis  supposes  that  (1)  the  river 
trenches  of  the  region  were  cut  to  essentially  their  present 
depths  before  the  glacial  period,  and  (2)  that,  during  the  pres- 
ence of  the  ice,  the  valleys  were  tilled  to  the  heights  of  the 
uppermost  gravels — say  300  feet  in  round  numbers.  (3)  Sub- 
sequently, these  were  trenched  into  nearly  the  present  form. 
(4)  Afterwards,  the  later  incursion  of  the  ice  formed  the  ad- 
jacent terminal  moraines  and  poured  the  overwash  down  the 
valleys  forming  the  lower  terrace  planes.  (5)  These  have  since 
suffered  trenching  as  postulated  in  the  previous  hypothesis. 

This  differs  from  the  preceding  hypothesis  in  very  greatly 
increasing  the  deposit  of  the  first  glacial  epochs  which  we 
observed,  even  under  the  preceding  hypothesis,  was  surpris- 
ingly large  in  comparison  with  the  associated  drift.  It  post- 
ulates the  same  volume  of  interglacial  erosion,  but  this  takes 
place  in  glacial  gravels,  instead  of  part  gravels  and  part  rock. 
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This  last  statement  requires  qualification,  for,  if  the  joining  of 
the  basins  by  the  reversal  of  streams  is  true,  then  we  most 
either  suppose  that  the  cols  between  these  basins  had  been  de- 
stroyed by  the  backward  working  of  the  stream  (which  would 
be  likely  to  be  true  only  in  a  case  of  approximate  base-level- 
ling), or  we  must  suppose  that  the  cols  dividing  these  basing 
were  trenched  to  a  depth  in  rock  equal  to  the  rock  catting 
under  the  first  hypothesis.  The  deep  trenches  of  the  Alle- 
gheny wnth  their  steep  sides,  show  that  the  region  was  in  the 
early  stages  of  developing  a  new  valley  system,  and  that, 
therefore,  the  cols  were  presumably  intact  up  to  the  heights 
of  the  old  gradation-plane,  at  least,  which,  under  this  hypoth- 
esis, is  referred  to  the  Tertiary  period.  While  this  hypothesis 
escapes  a  large  part  of  the  rock  cutting  by  referring  it  to  pre- 
glacial  times,  it  greatly  magnifies  the  first  glacial  epoch. 
When  we  consider  the  limited  area  of  the  glaciated  region  be- 
tween the  edge  of  the  drift  and  the  descent  to  the  Lake  Erie 
valley  (which  limited  the  amount  of  in  wash  after  the  ice  began 
to  retire),  we  realize  the  import  of  this  hypothesis.  It  means 
that  some  300  feet  of  drift  filled  the  valley  for  250  miles  at 
least,  while  the  ice  edge  occupied  the  narrow  belt  between  the 
glacial  boundary  and  the  basin  of  Lake  Erie. 

Hypothecs  III, — This  hypothesis  postulates  a  limited 
amount  of  trenching  of  the  old  Tertiary  gradation -plane  before 
the  ice  reached  the  basin,  the  amount  of  this  trenching  being 
inferred  from  the  size  of  buried  trenches  found  in  the  bottoms 
of  the  upper  Allegheny  and  Conewango  basins,  which,  the 
theory  assumes,  were  buried  by  the  incoming  ice  without  much 
modification  and  have  failed  to  suffer  any  of  moment  since. 
The  evidence  of  such  trenches  is  rather  meagre,  but  a  small 
proportion  of  the  wells  in  the  broad  valley  of  the  Allegheny 
above  the  Kinzua  col  and  in  the  Conewango  and  Brokenstraw 
valleys  sink  below  the  majority  of  wells  to  depths  amounting 
to  75  to  100  feet.  Wells  not  far  distant  from  each  other  some- 
times show  this  difference,  from  which  it  is  inferred  that  the 
sides  of  the  trench  are  abrupt.  The  fact  that  only  a  minor 
percentage,  perhaps  one  in  ten,  of  the  wells  in  these  basins 
enter  this  deeper  portion,  seems  to  indicate  that  it  was  only 
the  beginning  of  a  process  of  deeper  erosion  and  had  not  pro- 
gressed far.  These  trenches  do  not  seem  to  be  at  all  compar- 
able to  the  trenches  on  the  lower  Allegheny  below  the  grada- 
tion-plane. The  hypothesis  recognizes  the  fact  that  these 
northern  preglacial  streams  could  reach  lower  levels  by  shorter 
routes  than  the  more  southerly  ones,  even  if  the  latter  at  length 
emptied  into  the  Lake  Erie  basin,  and  that,  therefore,  the 
trenches  found  here  are  the  greatest  that  legitimate  interpre- 
tation could  appeal  to.  Trenches  in  the  lower  section  would 
probably  be  smaller. 


Drainage  Features  of  the  Upper  Ohio  Basin,        281 

Supposing  such  trenching  to  have  taken  place,  the  first 
invasion  of  the  ice  by  its  wash  tilled  these  lower  trenches  and 
covered  the  gradation-plane  to  the  heights  now  indicated  by 
the  gravel  sections  previously  given.  After  this,  the  sequence 
of  events  is  the  same  as  in  the  first  hypothesis. 

This  hypothesis  reduces  the  rock  cutting,  as  compared  with 
the  first  hypothesis,  by  the  amount  of  this  preglacial  trench — 
say  by  the  amount  of  100  feet  in  depth  ana  a  part  of  the 
breadth  of  the  valley.  By  so  much  as  it  reduces  the  inter- 
glacial  rock  cutting,  it  magnifies  the  work  of  the  first  glacial 
epoch  because  of  the  greater  amount  of  filling. 

We  have  had  under  consideration,  in  the  field  investigations, 
as  one  of  our  w*orking  hypotheses,  a  fourth  interpretation. 
This  was  suggested  partly  by  the  phenomena  themselves,  and 
partly  by  the  division  of  the  old  drift  in  southwestern  Ohio 
and  the  region  west  into  two  parts,  as  before  indicated. 

Hypothesis  IV, — This  hypothesis  presumes  (1)  a  deposition 
of  the  high-level  gravels  in  essentially  the  same  way  as  in  the 
first  hypothesis,  or  possibly  the  third.  (2)  After  this,  there 
was  a  retreat  of  the  ice  and  a  period  of  erosion  carrying  the 
trench  down  to  the  lower  rock  shelves,  which  we  have  before 
described.  (3)  During  the  chief  loess-depositing  epoch,  this 
was  again  filled  up  to  heights  as  yet  undetermined,  perhaps  to 
the  base  of  the  high  level  gravels,  or  possibly  a  little  above, 
but  not  to  the  full  height  of  these  gravels,  otherwise  the 
river  would  not  presumably  have  resumed  a  second  time  ex- 
actly its  earlier  course.  (4)  After  the  close  of  the  loess- 
depositing  epoch,  a  second  stage  of  erosion  carried  away  almost 
completely  the  valley  deposits  and  cut  the  innermost  trench 
down  to  essentially  the  present  level.  (5)  Then  followed  the 
ice  invasion  which  produced  the  adjacent  moraines,  and  the 
late  gravels,  and  after  that,  (6)  the  postglacial  erosion,  as  in 
the  preceding  hypotheses. 

We  do  not  feel  at  liberty  to  make  those  geologists  who  have 
expressed  opinions  concerning  the  history  of  the  region, 
responsible  for  any  of  these  hypotheses,  for  they  may  not  be 
formulated  precisely  in  accord  with  their  views.^  We  think 
however,  that  with  minor  modifications  they  embrace  essen- 
tially all  the  types  of  hypotheses  which  the  facts,  at  present 
known,  warrant.  We  feel  the  more  at  liberty  to  leave  the 
hypotheses  to  stand  by  themselves,  without  special  connection 
with  personal  acceptance,  since,  in  the  limited  space  left  us, 
we  think  it  will  be  more  profitable  to  discuss  their  common 
import  than  their  differences  and  relative  merits,  for  they  all 
tell  a  common  story  respecting  the  main  features  of  the  history 

*  The  first  is  the  view  advanced  by  the  senior  writer,  in  which  he  follows  Mr. 
GhaDce  in  the  main.    Bui.  58,  U.  S.  Geol.  Survey. 


282      Charnherlin  and  Leverett — Drainage  Features^  etc. 

of  the  region  and  the  general  acceptance  of  some  one  or  another 
of  thera  will,  we  feel,  be  very  helpfnl  in  drawing  interpreta- 
tions of  the  Pleistocene  history  of  other  regions  within  the 
limits  allowed  by  evidence. 

Ratios  of  loork  done. — To  better  illustrate  the  import  of 
these  hypotheses,  we  may  take,  as  a  unit-mtjasure  of  deposition, 
the  amount  of  material  poured  into  the  Allegheny  trench  by 
the  overwash  and  outwash  from  the  ice  while  it  was  forming 
the  adjacent  terminal  moraines  and  the  drift  connected  with 
them,  i.  e.  the  last  glacial  epoch  (of  this  region  at  least) ;  and, 
as  a  unit-measure  of  erosion,  we  may  take  all  the  excavation 
which  these  moraine-headed  gravels  have  suffered  since  their 
deposition.  This  last  measures  not  only  Che  work  of  post- 
glacial time,  but  of  all  that  part  of  the  glacial  period  occupied 
in  the  retreat  of  the  ice  after  it  left  the  rim  of  the  Allegheny 
basin,  when  erosion  is  presumed  to  have  begun  by  virtue  of 
the  withdrawal  of  the  depositing  agency.  For  convenience  we 
will  speak  of  this  simply  as  postglacial  erosion. 

Now,  the  amount  of  glacial  filling  contemporaneous  with  the 
formation  of  the  moraines  and  the  drift  connected  with  them, 
assuming  that  the  valley  bottom  was  entirely  free  from  other 
material,  amounts  to  a  section  averaging  60  feet  in  depth  and 
2000  feet  in  width,  as  nearly  as  we  can  form  a  judgment  from 
a  considerable  number  of  estimates  and  measurements.* 

The  amount  of  postglacial  erosion,  estimated  liberally,  may 
be  represented  by  a  section  30  feet  deep  and  2000  feet  wide.* 

Taking  these  as  units,  we  present  herewith  a  diagram 
(Figure  5)  which,  in  the  first  column,  shows   the   amount  of 
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Fig.  5.     Ratios  of  work  under  each  of  the  four   hypotheses  of  glacial  filling 
and  excavation. 

filling  during  the  first  ice  incursion  under  each  of  the  four 
hypotheses.  This  indicates  at  once  the  ratio  of  the  first  epoch 
to  the  last  in  terms  of  valley  deposition.     These  ratios  are  of 


*  These  are  based  upon  the  Allegheny  section. 
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coui*Be  subject  to  obvious  qualification,  yet  nevertheless  they 
are  very  helpful  toward  tangible  ideas.  The  estimates  are 
probably  not  very  accurate  but  they  are  representative. 

In  the  second  column,  there  is  shown  the  amount  of  excava- 
tion that  took  place  between  the  deposit  of  the  high  gravels 
and  of  the  low  gravels,  in  terms  of  postglacial  excavation.  The 
relative  importance  of  these  interglacial  excavations  is  strik- 
ingly manifest.  They  are  represented  by  two  symbols,  the 
one  indicating  excavation  in  drift,  the  other,  excavation  in 
rock.  The  excavation  of  the  cols,  which  is  probably  to  be 
regarded  as  somewhat  nearly  the  same  in  all  cases,  is  merely 
indicated  as  a  common  factor.  In  the  third  column  is  indicated 
the  valley  deposition  of  the  last  glacial  epoch,  which  is  the 
unit  of  deposition,  and  alike  in  all  cases,  and  in  the  fourth 
column,  the  postglacial  excavation,  which  is  the  unit  of  exca- 
vation and  alike  in  all  cases. 

The  import  of  all  these  hypotheses  is  alike  on  most  of  the 
vital  points.  They  all  greatly  emphasize  the  importance  and 
significance  of  the  first  glacial  epoch.  This  is  especially  true 
of  the  second  one.  They  all  show  very  important  intervening 
excavations  when  compared  with  the  erosion  that  has  taken 
place  since  the  glacial  period.  This  is  especially  true  of  the 
first  and  notably  true  of  the  third.  They  all  indicate  that, 
while  the  last  glacial  invasion  was  very  much  more  pronounced 
in  its  apparent  effects  and  in  the  expression  it  took  on,  it  was, 
after  all,  much  the  smaller  factor  of  the  total  accomplishment 
of  the  glacial  period. 


Art.  XX Y. —  An  apparatus  to  show^  simultaneously  to  sev- 
eral hearers^  the  blending  of  the  sensations  of  interrupted 
tones ;  by  Alfred  M.  Mayer. 

In  the  January  number  of  this  Journal,  of  the  current 
year,  I  described  several  forms  of  apparatus  used  in  my  obser- 
vations on  the  frequency  of  the  interruptions  of  simple  sounds 
required  to  blend  these  sounds  and  obtain  from  them  continu- 
ous and  uniform  sonorous  sensations.  These  experiments  gave 
the  data  of  the  law  connecting  the  pitch  of  a  sound  with  the 
duration  of  its  residual  sensation. 

The  various  apparatus  described  in  that  paper  are,  however, 
unsuited  to  exhibit  the  phenomena  to  more  than  one  hearer 
at  a  time.  To  enable  many  hearers  to  observe  simultaneously 
the  phenomena  I  have  devised  the  apparatus  shown  in  the 
figure. 
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A  braes  tube,  T,  of  l^S^"*"  interior  diameter  and  1-8^"  long 
is  cemented  in  a  hole  in  the  bottom  of  the  glass  flask,  A; 
which  is  a  common  form  of  flask,  used  by  chemists.  When 
the  tube,  T,  is  closed  the  air  in  the  flask  resounds  powerfully 
to  the  sound  of  an  UT,  fork,  F;  but  wlien  this  tube  is  open 
the  resonator  resounds  so  feebly  as  to  be  just  audible  at  the 
distance  of  several  feet  from  the  flask. 
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ju^^ 
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If  the  tube  be  closed  and  opened  several  times  in  a  second 
we  shall  have  short  loud  sounds  with  faint  interposed  sounds. 
The  opening  and  closing  of  the  tube  is  effected  by  a  perforated 
disk,  D,  revolving  on  a  rotator,  R.  The  tube,  T,  is  placed  in 
the  circular  path  of  the  16  holes  which  perforate  the  disk,  with 
the  mouth  of  the  tube  quite  close  to  surface  of  the  disk.  K 
short  tube,  JB,  with  flanges  on  it,  slides  neatly  over  the  tube, 
T,  and  the  flange  of  B  is  pressed  against  the  surface  of  the 
disk,  D,  by  the  helical  spring,  S.  6y  this  arrangement  the 
tube,  T,  is  fully  opened  when  a  hole  in  the  disk  coincides  with 
the  opening  of  the  tube,  T,  and  is  entirely  closed  when  the 
flange  of  B  is  between  the  holes  in  the  disk  and  gently  press- 
ing against  its  surface. 

On  slowly  rotating  the  disk,  while  the  fork  is  kept  in  vibra- 
tion by  an  electro-magnet,  we  have  the  perception  of  power- 
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ful  beats  which  become  more  and  Qiore  frequent  as  the 
velocity  of  rotation  of  the  disk  is  increased  till,  with  a  certain 
velocity,  the  beats  blend  into  a  smooth  continuous  sound, 
which  is  that  given  by  the  fork  when  held  near  its  proper 
resonator.  This  sound  of  UTg  as  given  by  the  blending  of  its 
interrupted  sound  is,  however,  accompanied  by  another  and 
graver  sound  ;  but  the  existence  of  this  additional  sound  does 
not  interfere  with  the  neat  perception  of  the  blending  of  the 
interrupted  sound  of  UT,.  With  this  apparatus  the  blend- 
ing of  interrupted  sounds  has  been  shown  to  the  entire  satis- 
faction of  a  large  audience. 

To  enable  one  readily  to  make  the  apparatus  the  following 
dimensions  are  given.  The  diameter  of  opening  of  mouth  of 
flask  is  3^°^«.  Depth  of  flask  16-25^'"«.  'Capacity  of  flask,  in- 
cluding tube,  T,  is  483'^^  '"«• 

In  the  figure  the  rotator,  R,  is  shown  driven  by  a  cord.  It 
is  necessary,  if  an  accurate  determination  is  to  be  made  of  the 
duration  of  the  residual  sensation,  to  drive  the  disk  by  gearing 
as  is  done  in  the  apparatus  I  have  used.  When  the  disk  is 
driven  by  a  cord  one  can  show  the  blending  of  interrupted 
sounds,  but  an  accurate  determination  of  the  duration  of  the 
residual  sensation  is  prevented  by  the  friction  which  exists 
between  the  flange  of  B  and  the  disk,  though  the  surfaces  of 
these  are  coated  with  a  film  of  oil. 


Art.  XXVI. — The  Post-Eocene  Farmations  of  the  Coastal 
Plain  of  Alabama  ;  by  Eugene  A.  Smith,  University  of 
Alabama. 

The  succession  of  the  Post-Eocene  formations  of  the  Coastal 
Plain  of  Alabama  as  brought  out  by  the  work  of  our  Geo- 
logical Survey,  is  in  descending  order,  as  follows  : 

Quaternary. 

Recent  and  Pleistocene. 

1.  Soils,  and  rain   wash,  River  alluvium,  and  Coast  formations 

(Biloxi). 

2.  Mobile  Bay  formation,  Second  Terraces  or  Second  Bottoms  of 

the  rivers,  and  the  mantle  of  Ozark  or  Geneva  sands. 

Of  undetermined  Classification. 

The  Third,  or  Main  River  Terraces,  and  the  Lafayette  mantle  of 
pebbles,  sands,  and  loam.  (The  Lafayette  is  by  some  con- 
sidered as  Pre-glacial  Pleistocene,  by  others  as  late  Pliocene.) 
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Tertiajly. 

Mioceiie, 

1.  The  Pagcagoula,  upper  Miocene. 

2.  The  Grand  Gulf,  lower  Miocene.. 

Eocene, 

The  BiloxL — Concerning  the  soils,  rain  wash  and  recent 
river  alluvinai,  we  need  say  nothing  here,  but  the  character  of 
the  coast  deposits  now  in  course  of  formation,  has  not  hereto- 
fore been  clearly  defined.  Mr.  L.  C.  Johnson  has  recently 
given  this  subject  some  study  and  according  to  him,  these 
deposits  consist  of  alternations  of  sand  and  fine  mud  or  clay 
to  the  depth  of  many  feet.  The  agencies  which  have  con- 
tributed to  their  accumulation  are  the  waves  from  the  Gulf, 
the  minor  rivers  of  Alabama  and  Mississippi,  and  the  Missis- 
sippi River  itself. 

The  washings  of  sand  upon  the  coast,  and  the  delivering  of 
sediment  by  the  minor  streaius  are  constant  factors,  but  the 
contributions  from  the  Mississippi  are  occasional,  occurring 
only  when  in  times  of  flood  the  river  breaks  through  the 
levees  and  spreads  over  the  lowlands  on  each  side  of  the  main 
channel.  Mr.  Johnson  has  shown  how  this  river  a  few  years 
ago,  pouring  its  waters  through  the  Nita  Crevasse  into  Lake 
Ponchartrain  and  Mississippi  Sound,  covered  the  Coast  sands 
with  a  varying  thickness  of  its  sediments  as  far  east  as  the 
western  border  of  Alabama  and  almost  to  the  mouth  of  Mobile 
Bay,  driving  out  the  salt  w^ater  fish  and  completely  destroying 
the  oysters  and  other  molluscs  which  were  unable  to  retreat. 
At  Biloxi,  borings  for  artesian  water  have  given  a  section  show- 
ing alternations  of  sand  with  mud  or  clay  down  to  the  depth 
of  80  feet  or  more,  and  from  this  locality  Mr.  Johnson  has 
proposed  the  name  Biloxi  for  the  formation,  the  lower  part  of 
w^hich  is  probably  of  Pleistocene  age.  The  upper  part  of  the 
Biloxi  may  hence  be  considered  as  the  marine  equivalent  of 
our  river  alluvium,  and  the  sediments  now  accumulating  in 
Mobile  Bay  will  form  the  estuarine  connecting  link  between 
the  two 

Second  Terraces  and  Geneva  Sands, — As  the  Biloxi  borings 
show  the  gradual  passage  of  these  modern  coast  accumulations 
into  what  must  be  considered  as  the  marine  equivalent  of  the 
Port  Hudson  of  the  Mississippi  River,  and  just  as  these  Port 
Hudson  equivalents  are  seen  along  the  lowlands  bordering  the 
coast,  so  in  Mobile  Bay,  beneath  the  sedunents  now  accumu- 
lating, and  along  the  western  coast,   notably  on    Mon  Louis 
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Island,*  we  find  the  marine  or  estuarine  equivalents  of  our 
river  terraces,  in  an  ancient  deposit  with  imbedded  shells,  not 
of  extinct  species,  it  is  true,  but  of  species  not  now  inhabiting 
the  same  localities.t  As  we  come  up  the  bay  coast  towards 
Mobile,  we  find  this  marine  or  estuarine  deposit  giving  place 
to  a  blue  clay  with  stumps  and  roots,  underlying  several  feet 
of  sands  and  yellow  loam,  thus  assuming  the  characters  of  the 
river  terraces. 

The  relations  of  the  Quaternary  formations  of  the  Gulf 
States  were  first  clearly  defined  by  Dr.  Hilgard,:}:  from  their 
exposures  along  the  Mississippi  Eiver.  In  descending  order 
they  are  as  follows :  Yellow  loam.  Loess,  and  Port  Hudson. 
The  first  of  these,  the  Yellow  loam,  is  a  fine  grained  siliceous 
clay  with  only  a  moderate  percentage  of  lime,  forming  the 
soils  over  a  large  area  especially  in  the  northwestern  part  of 
Mississippi  and  the  adjacent  parts  of  Tennessee,  where  it  may 
be  seen  for  at  least  thirty  miles  from  the  river  bluff.  The 
Loess  is  a  fine  calcareous  silt  which  has  often  been  described, 
and  which  in  this  country  seems  to  be  confined  to  the  imme- 
diate drainage  area  of  the  Mississippi  River,  and  to  be  com- 
posed of  materials  of  Glacial  origin.  It  is  strongly  calcareous, 
effervesces  with  acids,  and  contains  in  addition  a  large  amount 
of  carbonate  of  lime  in  the  form  of  concretions  or  "  puppets." 
The  loess,  unlike  the  yellow  loam,  occupies  a  comparatively 
narrow  belt  along  the  river.  The  Port  Hudson  consists  of 
sands  with  occasional  gravel,  alternating  with  greenish  or  blu- 
ish clays,  which,  especially  in  the  lower  parts,  hold  imbedded 
drift  wood,  roots,  and  stumps  in  most  perfect  state  of  preserva- 
tion. These  clays  are  like  the  loess,  strongly  calcareous  and 
contain  similar  concretions  of  carbonate  of  lime.  The  present 
channel  of  the  Mississippi  lies  in  general  in  this  stratum, 
which,  tempered  by  the  later  deposits  of  the  river,  gives  rise 
to  the  fertile  "buckshot"  and  other  soils  of  the  alluvial  plain. 

The  corresponding  deposits  along  the  larger  rivers  of  Ala- 
bama constitute  what  are  commonly  known  as  the  Second 
Bottoms  or  Second  Terraces. 

These  are  fiat  benches,  usually  not  more  than  a  mile  in 
width,  and  are  entirely  above  overflow  except  where  locally 
lowered  by  erosion,  and  they  therefore  vary  in  height  from 
fifty  or  sixty  feet  above  low  water  mark  along  the  northern 
edge  of  the  coastal  plain,  to  not  more  than  ten  or  fifteen  feet  in 

*  On  Mod  Louis  Island  at  the  mouth  of  Mobile  Bay,  we  find  below  the  white 
coast  sands,  a  bed  containing  oyster  shells,  and  below  that  a  blue  clay  with 
stumps  and  other  vegetable  remains,  thus  establishing  a  connection  between  the 
Biloxi  of  the  Coast  and  the  Second  Terrace  formations  of  the  upper  part  of  the 
Bay  and  of  the  rivers. 

f  D.  W.  Langdon,  Jr.,  this  Journal,  vol.  xl,  p.  237. 

X  This  Journal,  vol.  xlvii,  Jan.,  1869. 
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the  lower  courses  of  the  rivers.  In  all  cases  they  are  only  a  few 
feet  above  the  level  of  the  first  bottom,  or  present  alluvial 
plain.  The  surface  material  of  universal  occurrence  along 
these  flats  is  a  tine  yellow  loam  several  feet  in  thickness,  which 
is  everywhere  an  excellent  "  brick  clay,"  and  everywhere  forms 
the  basis  of  soils  of  more  than  ordinary  fertility.  For  this 
reason  we  find  most  of  the  great  plantations  of  former  days 
located  upon  this  terrace.  The  yellow  surface  loam  is  under- 
laid by  ten  feet  or  more  of  grayish  sands,  into  which  it  gradually 
shades :  near  the  base  of  the  sands  it  is  common  to  find  peb- 
bles. It  is  not  very  often  that  a  fresh  clean  section  can  be 
observed  down  to  the  level  of  low  water,  because  of  tcduSy 
and  deposits  of  recent  river  muds,  but  when  such  sections  are 
exposed,  they  show  below  the  gray  sands  a  varying  thickness 
of  dark  gray  or  blue  clay  filled  with  fragments  of  vegetable 
remains  in  the  shape  of  drift  wood,  roots  and  stamps,  in  a 
state  of  preservation  ranging  from  what  can  hardly  be  dis- 
tinguished from  fresh  drift  wood,  to  highly  bituminized  mate- 
rial. It  is  probable  that  this  blue  clay  underlies  all  the  second 
bottoms  of  our  larger  streams,  though  it  is  generjflly  hidden  by 
recent  deposits.  The  subjoined  sections  from  localities  era- 
bracing  the  entire  coastal  plain,  appear  to  justify  this  conclu- 
sion : 

{a)  At  the  site  of  old  Fort  Jackson,  a  few  miles  below 
Wetumpka,  the  Coosa  and  Tallapoosa  Rivers  approach  within 
a  quarter  of  a  mile  of  each  other,  and  a  "cutoflf "  has  been 
formed  connecting  the  two  channels.  Here  is  shown  a  perfect 
section  of  the  entire  second  bottom  formation.  Near  the  low 
water  mark  is  the  blue  clay  stratum  filled  with  stamps,  twigs, 
and  roots,  all  in  a  remarkable  state  of  preservation.  The  blue 
clay  is  covered  by  at  least  25  feet  of  gray  sands  capped  with 
the  usual  surface  loam  of  the  Second  Bottom  plain.  If  we 
should  be  disposed  to  consider  the  blue  clay  stratum  as  a  recent 
river  swamp  deposit,  and  07ily  in  appearance  below  the  sands 
and  loam  by  reason  of  re  surfacing  or  overplacement,  this  sec- 
tion extending  entirely  across  the  Second  Bottom  terrane 
which  makes  the  plain  between  the  two  rivers,  would  leave  no 
room  for  doubt  as  to  the  relative  position  of  the  constituent 
members  above  named. 

(h)  At  Mcintosh  Bluff,  on  the  Alabama  River,  about  fifty 
miles  north  of  Mobile,  a  similar  dark  gray  or  bluish  clay  filled 
with  vegetable  remains,  may  be  seen  below  the  yellow  loam 
and  sands;  and  wells  sunk  in  any  part  of  the  second  bottom 
plain  there,  pass  through  this  blue  clay  stratum  before  reach- 
ing water  in  the  sands  which  underlie  it,  usually  less  than 
thirty  feet  from  the  surface.  From  this  it  would  seem  that  in 
some  places  at  least,  the  blue  clay  forms  a  layer  between  sands. 
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{c)  Along  the  western  shore  of  Mobile  Bay,  just  below  Fras- 
cati,  the  storms  of  last  October  washed  away  long  stretches  of 
the  bluff,  and  exposed  the  structure  of  the  Mobile  terrace  in 
the  most  perfect  way.  A  section  of  this  shows  below  the 
recent  surface  sands,  a  yellowish  loamy  sand  about  five  feet 
thick  ;  then  a  layer  of  transition  material  consisting  of  yellow- 
ish sands  with  lumps  of  gray  clay  one  foot  and  a  half ;  then  a 
layer  of  lignite  from  six  to  twelve  inches,  and  below  that 
down  to  the  level  of  low  tide,  and  possibly  still  lower,  six  feet 
or  more  of  blue  clay  containing  many  stumps  and  limbs,  or 
roots,  bituminized  on  the  outside,  but  of  the  nature  of  yellow 
rotten  wood  inside.  The  same  blue  clay  is  reached  in  wells  at 
many  points  on  the  Mobile  terrace,  at  a  distance  from  the 
actual  coast.*  This  is  substantially  the  succession  of  strata  that 
may  be  seen  along  both  the  great  rivers  tributary  to  Mobile 
Bay,  as  well  as  along  the  Chattahoochee. 

Along  the  smaller  streams  emptying  into  these  larger  rivers 
and  into  the  Gulf,  the  yellow  loam  and  blue  clay  stratum  are 
rarely,  if  ever,  seen,  and  the  entire  second  terrace  consists  of 
the  gray  sands  mixed  with  pebbles  in  the  lower  parts.  In  the 
southern  parts  of  the  State  generally,  and  especially  in  the 
southeastern,  these  gray  sands  form  not  only  the  second  ter- 
races of  the  creeks,  but  are  also  spread  over  the  divides  up  to 
altitudes  of  100  feet  above  tide.  Where  this  is  the  case  the 
streams  rarely  have  swamps,  but  the  pine-clad  second-bottom 
sandy  plain  reaches  to  the  very  brink  of  the  channel.  The 
sands  usually  rest  unconformably  upon  the  red  loam  of  the 
Lafayette,  though  sometimes  when  this  has  been  removed  by 
erosion,  upon  the  underlying  Tertiary  formations.  Along  the 
Chattahoochee  Kiver,  and  probably  along  some  parts  of  the 
Alabama  also,  these  sands  occur  as  a  sort  of  upper  second  ter- 
race, outside  of  and  a  few  feet  above  the  usual  yellow  loam 
terrace.  The  growth  on  the  sand  terrace  is  almost  exclusively 
the  long  leaf  pine,  while  on  the  true  second  terrace  the  growth 
is  much  more  varied. 

We  have  suggested  the  name  of  Ozark  or  Geneva  sands  for 
these  beds,  which  seem  to  correspond  very  closely  with  what 
have  been  described  by  Mr.  McGee  in  other  States  to  the  north 
of  Alabama.  Here  as  there  they  occur  along  the  streams,  in 
the  lowlands,  and  over  the  divides,  corresponding  to  the  fluvial, 
low  level,  and  interfluvial  phases  of  the  Columbia  formation. 
In  the  lower  part  of  Alabama,  these  beds  lie  as  if  spread  upon 
an  undulating  surface,  and  in  this  respect  resemble  the  Lafay- 
ette formation  to  be  described  below.  They  appear  to  have 
been  deposited  upon  a  gradually  emerging  sea  bottom,  the  last 

•Wherever  penetrated  in  these  wells  the  blue  clay  stratum  is  found  to  be 
underlaid  by  white  sands. 
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stage  of  this  emergence  and  a  pause  in  it  being  recorded  in    ' 
the  yellow  surface  loam  of  the  Second  Bottom  of  the  larger 
streams. 

If  we  compare  these  Pleistocene  deposits  of  Alabama  with 
those  of  the  Mississippi  River,  we  shall  mark  the  following : 

1st.  The  Port  Hudson  clay  of  the  Mississippi  finds  its  paral- 
lel in  our  blue  clay  stratum  with  its  plant  remains.  The  Port 
Hudson  clay,  however,  is  far  richer  in  lime,  eflfervesces  with 
acids,  and  contains  concretions  of  lime  carbonate,  something 
not  yet  observed  in  Alabama.  2d.  The  sands  present  no  mate- 
rial points  of  difference  in  the  two  states :  in  both  occur  masses 
of  pebbles,  and  both  are  found  as  second  terraces.  3d.  The 
loess  is  not  found  in  Alabama.  4th.  The  yellow  loam  of 
Mississippi  finds  its  counterpart  in  the  uppermost  layer  of  our 
second  bottom ;  the  published  analyses  of  these  loams,  gi^en 
in  volumes  Y  and  VI  of  the  Tenth  Census  Reports,  show  very 
closely  similar  chemical  composition.  The  main  difference  is 
in  Its  distribution  in  the  two  States,  the  yellow  loam  of  Missis- 
sippi being  spread  over  an  area  of  thirty  miles  or  more  from 
the  river  bluff,  while  with  us  the  area  rarely  exceeds  a  mile. 
The  explanation  of  the  variations  in  the  character  of  the  mate- 
rials and  the  distribution  of  the  Pleistocene  of  Mississippi  and 
Alabama,  is  to  be  found,  I  think,  in  the  following  considera- 
tions :  (a)  Dr.  Hilgard  has  shown  that  the  axis  of  the  Missis- 
sippi River  has  been  the  region  of  greatest  oscillation  in  this 
part  of  the  continent  during  Post-Eocene  time,  the  aggregate 
of  depression  and  elevation  being  1200  feet.*  A  depression 
of  450  to  500  feet  would  allow  the  waters  of  the  great  river  to 
spread  beyond  its  banks  as  far  as  we  now  find  the  yellow  loam. 
Moreover,  the  valley  of  the  Mississippi  beyond  its  alluvial 
plain,  is  much  wider  than  the  corresponding  valleys  of  the 
Alabama  rivers,  and  the  same  amount  of  depression  would  on 
this  account  cause  the  flooding  of  very  unequal  areas  in  the 
two  cases.  (5)  The  Mississippi  drains  a  region  which  was  once 
covered  by  glaciers,  and  its  sediments  naturally  contain  much 
material  of  Glacial  origin.  The  loess  is  generally,  in  this 
country  at  least,  admitted  to  be  of  this  character,  and  the  high 
percentage  of  carbonate  of  lime  in  the  clay  and  its  lime  con- 
cretions, are  probably  due  to  the  same  cause.  Our  Alabama 
rivers  had  no  glaciated  areas  to  draw  upon  for  their  materials, 
and  they  have  deposited  no  loess,  no  highly  calcareous  clays. 
(c)  In  both  States,  the  second  bottoms  of  tne  minor  streams  are, 
as  a  rule,  sandy  throughout,  and  lack  the  yellow  loam  capping. 
This  at  least  seems  to  be  the  character  of  the  second  terraces 
of  all  the  rivers  of  Mississippi  that  are  tributary  to  the  great 
river,  while  Pearl  and  Leaf  Rivers  that  flow  into  the  Golf 

*  Hilgard,  this  Journal,  vol.  xliii,  p.  399. 
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directly,  have  the  yellow  loam  similar  to  that  of  the  Alabama 
rivers.  Perhaps  the  more  rapid  slope  of  these  minor  streams 
may  have  prevented  the  deposition  of  anything  so  light  and 
fine  grained  as  the  yellow  loam. 

Mr.  Johnson  believes  that  he  has  traced  the  Port  Hudson 
clays  with  their  included  roots  and  stumps,  continuously  along 
the  Mississippi  shores  eastward  to  the  Alabama  line,  where 
they  form  the  basis  of  the  Pine  Meadows  of  Mississippi  and 
of  similar  flats  along  the  waters  of  the  Escatawpa  in  Alabama. 
But  between  the  waters  of  the  Escatawpa  and  the  Bay  of 
Mobile,  intervenes  a  great  deposit  of  Lafayette  extending  as  a 
high  ridge  down  to  within  a  few  miles  of  the  Gulf.  The  sub- 
marine prolongation  of  this  probably  interposes  a  barrier  to 
the  extension  of  the  true  Port  Hudson  beds  quite  up  to  the 
entrance  of  Mobile  Bay.  We  should  be  inclined  to  retain  the 
name  Port  Hudson  for  these  Pleistocene  formations  in  Ala- 
bama, but  for  the  manifest  differences  in  the  origin  of  the 
materials  in  the  two  States,  and  for  the  break  in  their  conti- 
nuity along  the  Gulf  coast;  but  that  the  Alabama  Second 
Bottom  deposits,  from  stump  layer  to  yellow  loam  capping, 
are  the  equivalents  in  time  of  the  Port  Hudson,  Loess,  Yellow 
loam  series  of  the  Mississippi  River,  can,  I  think,  hardly  admit 
of  doubt ;  nor  is  there  much  room  for  doubt  that  they  are  in 
the  main,  equivalent  to  the  Columbia  formation  of  Mr.  W.  J. 
McGee. 

Third  Terraces  and  the  Lafayette. — Our  larger  rivers  have 
a  third  terrace  still  more  extensive  and  important  than  the 
second.  It  is  upon  this  terrace,  often  three  or  four  miles  wide, 
that  so  many  of  our  river  towns  are  situated,  e.  g.  Tuscaloosa, 
CoflEeeville,  Jackson,  Claiborne,  Selraa,  Montgomery,  Girard 
(opposite  Columbus,  Ga.),  and  Columbia.  The  third  terrace  is 
from  75  to  100  feet  above  the  second,  and  exhibits  in  its  struc- 
ture two  sets  of  materials;  a  substratum  of  Cretaceous  or  Ter- 
tiary, and  a  mantle  of  pebbles,  sand,  and  loam  of  much  later 
date,  which  lies  upon  a  deeply  eroded  surface  of  the  older 
formations  and  varies  correspondingly  in  thickness.  The 
average  on  the  terraces  may  be  placed  at  about  15  feet,  but 
where  old  hollows  have  been  filled  up,  the  thickness  may  be 
as  much  as  sixty  feet,  as  may  be  seen  for  instance,  within  the 
limits  of  the  city  of  Tuscaloosa. 

The  capping  mantle  of  the  third  terrace  is  in  the  quality 
and  arrangement  of  the  material,  so  far  as  I  have  been  able  to 
make  it  out,  identical  with  the  beds  which  under  the  name  of 
Orange  Sand  or  Lafayette  are  spread  more  or  less  continuously 
over  the  entire  coastal  plain  of  Alabama,  Mississippi,  and 
Georgia  and  probably  of   other  States  beyond,  in  thickness 
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varying  from  a  few  feet  near  the  inland  margin  of  the  coastal 
plain  to  more  than  100  in  the  counties  bordering  the  Gulf. 

Thousands  of  observations  in  this  and  other  States,  show 
that  the  beds  of  Lafayette  materials  occur  at  elevations  diflEer- 
ing  by  two  or  three  hundred  feet  in  localities  closely  contigu- 
ous, precisely  as  if  the  deposits  had  been  laid  down  mantle- 
wise  upon  a  previously  eroded  surface,  the  main  topographic 
features  of  which  were  at  the  time  of  deposition  essentially 
what  tliey  now  are.  It  seems  almost  necessary  to  consider  the 
third  terraces,  either  as  marking  the  very  latest  episode  in  the 
deposition  of  the  Lafayette,  or  as  a  result  of  its  rearrangement 
and  redistribution  in  times  very  much  more  recent  than  that 
of  the  first  deposition  on  the  heights,  nor  do  I  see  how  its 
present  position  on  such  different  elevations,  along  slopes,  and 
in  general  so  closely  conforming  with  the  existing  land  relief 
can  be  explained  except  as  due  in  some  measure  to  rearrange- 
ment, and  yet  after  many  years  of  close  examination  of  these 
deposits,  I  have  been  unable  to  discover  any  material  difference 
between  the  Lafayette  on  the  hill  tops,  the  Lafayette  on  the 
slopes,  and  in  the  valleys,  and  the  Lafayette  upon  the  river 
terraces,  whether  in  the  material  themselves,  or  in  their  rela- 
tive positions,  and  for  this  reason  all  its  phases  are  considered 
under  one  head. 

In  Mississippi  at  the  typical  locality,  there  are  great  accnmn- 
lations  of  cross-bedded  sands  of  this  formation,  that  have  few 
if  any  representatives  in  this  State,  where  the  great  bulk  of 
the  Lafayette  consists  of  rounded  water-worn  pebbles  of  quartz, 
chert,  and  quartzite,  and  rounded  grains  of  iron-stained  sand 
mixed  with  some  red  clay,  and  with  a  few  small  rounded  peb- 
bles of  limonite.  In  the  Chattahoochee  drainage  scales  of 
mica  are  also  abundant.  Where  all  three  of  the  principal  con- 
stituents above  named,  pebbles,  sands,  and  loam,  occur  to- 
gether, as  a  rule  the  upper  part  of  the  formation  is  a  very 
sandy  red  loam,  while  the  pebbles  are  mostly  to  be  found  in 
the  lower  part.  Where  the  pebbles  are  absent  the  surface  is 
usually  red  loam,  with  the  sands  below,  and  in  some  places  the 
whole  formation  is  sand. 

The  pebbles  sometimes  contain  markings  or  fossils  which 
show  that  they  are  fragments  of  the  siliceous  rocks  of  the  Sub- 
Carboniferous,  Silurian  and  Cambrian  and  Crystalline  forma- 
tions, and  in  their  distribution  they  are  more  localized  than 
the  other  main  constituents.  They  are  most  abundant  and  of 
larger  size  in  two  locations:  1,  along  the  line  of  contact  of 
the  formations  of  the  coastal  plain  with  the  Paleozoic  terranes, 
i.  e.  along  a  belt  10  or  15  miles  wide  stretching  from  the 
northwestern  corner  of  the  state  around  in  a  curve  to  Colum- 
bus in  Georgia.     If,  at  the  beginning  of  the  Lafayette  period, 
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the  whole  coastal  plain  were  submerged,  and  the  waters  of  the 
Mississippi  Gulf  lapped  up  on  the  Paleozoic  terrane,  the  peb- 
bles, sands,  etc.,  washed  down  into  this  Gulf  would  come  to 
rest  along  this  old  coast  line.  2.  The  other  main  pebble 
streams  appear  to  follow  the  principal  lines  of  drainage,  not 
being  confined,  however,  to  the  present  narrow  channels  of 
the  rivers,  but  occurring  beyond  the  third  terraces,  on  the 
slopes  leading  down  toward  these  channels,  often  at  a  distance 
of  25  or  30  miles  on  each  side,  and  sometimes  over  the  divides. 
As  if,  upon  the  comparatively  rapid  emergence  of  the  coastal 

J)lain  from  below  sea  level,  the  continuing  currents  from  the 
and  either  carried  new  contributions  of  pebbles  and  other 
materials,  or  took  up  and  redistributed  those  previously  de- 
posited along  the  coast  line  mentioned,  down  the  wide  shallow 
drainage  valleys,  and  over  the  low  divides.  The  third  terraces 
may  perhaps  mark  a  pause  in  this  upward  movement  occurring 
towards  the  close. 

The  two  authors  who  have  given  this  formation  most  study 
are  Dr.  Eugene  W.  Ililgard  and  Mr.  W.  J.  McGee.  The 
former  refers  the  origin  of  his  "Orange  Sand"  of  the  great 
Mississippi  embayment,  to  a  period  of  continental  elevation, 
and  the  deposition  of  its  materials  essentially  to  fresh  water  in 
the  form  of  broad  shallow  floods  coming  in  from  the  north- 
ward and  practically  devoid  of  organic  life  of  which  the  re- 
mains would  be  likely  to  be  preserved.*  On  the  other  hand 
Mr.  McGee  accounts  for  the  structure  and  disposition  of  the 
Lafayette  materials  upon  the  assumption  of  a  submergence  of 
the  coastal  plain  below  the  waters  of  the  Gulf  and  the  invasion 
of  the  sea  to  the  landward  limit  of  this  plain,  accompanied  by 
a  warping  of  the  land  and  a  seaward  tilting  which  stimulated 
the  streams  to  greater,  activity  both  of  erosion  and  transporta- 
tion. The  total  absence  from  the  formation  of  any  traces  of 
marine  life  finds  its  explanation  by  Mr.  McGee  in  the  compara- 
tive rapidity  of  the  submergence  and  subsequent  emergence  of 
the  coastal  plain.  Both  authors  assume  continental  elevation,  or 
at  least  increased  seaward  slope  of  the  areas  beyond  the 
coastal  plain,  while  they  differ  in  their  ideas  as  to  the  position 
of  the  coastal  plain  during  the  time  of  accumulation  of  the 
deposits,  the  one  requiring  shallow  submergence  below  sea 
level,  the  other  assuming  the  flooding  of  this  plain  (above  sea 
level)  by  fresh  waters  from  the  land.  The  wide  distribution 
of  these  deposits  over  the  whole  coastal  plain  of  the  United 
States  from  the  Potomac  to  the  Rio  Grande,  with  essentially 
the  same  characters  of  material  and  structure,  favors  the  one 
view  ;  while  the  peculiar  structure  of  the  deposits,  the  total 
-absence  of  all  sign  of  marine  life,  and  of  beach  or  coast  mark- 

*This  Journal,  vol.  xliii,  p.  394. 
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ings  favor  the  other.  On  any  theory  yet  oflEered,  there  are 
many  phenomena  difficult  of  explanation. 

That  the  Lafayette-coated  surfaces  have  suffered  a  great 
amount  of  denudation  is  everywhere  plainly  to  be  seen,  and 
that  the  amount  of  this  denudation  increases  with  distance 
from  the  sea  may,  I  think,  also  be  shown.  This  would  lead 
us  to  conclude  that  the  deposition  of  the  Lafayette  extended 
over  a  long  period  of  time,  and  that  the  landward  margins  of 
the  area  covered  by  it  were  being  denuded  while  accumulation 
was  still  going  on  further  to  seaward.  Thus,  we  find  upon 
some  of  the  hills  of  the  Coal  Measures  in  Alabama  (Walker 
County)  a  good  many  miles  northward  from  the  main  mass  of 
the  pebbles,  etc.,  covering  the  junction  of  the  Paleozoic  and 
Cretaceous  formations,  occasional  small  remnants  of  the  Lafay- 
ette in  the  form  of  thin  beds  of  pebbles  and  sands,  capping 
some  of  the  highest  summits,  while  all  trace  of  this  formation 
has  disappeared  from  the  adjacent  valleys.  Over  the  Cretace- 
ous terranes  there  are  many  spots  entirely  bare  of  Lafayette, 
and  the  same  is  true  of  some  of  the  lower  members  of  the 
Eocene,  but  over  the  newer  Eocene  and  the  whole  Miocene 
area  the  covering  of  Lafayette  seems  to  be  not  only  continuous, 
but  also  of  greater  thickness  than  over  the  older  formations. 
Where  it  comes  down  within  a  mile  or  two  of  the  coast,  as  in 
the  divides  of  Mobile  and  Baldwin  Counties,  the  thickness  can- 
not be  less  than  100  feet  and  it  may  be  more.  Over  the  entire 
coastal  plain  the  thickness  cannot  average  more  than  25  feet,  if 
so  much. 

Concerning  the  age  of  the  formation,  we  know  certainly 
that  it  lies  between  the  upper  Miocene  and  those  beds  of 
undoubted  Pleistocene  age  which  we  have  described  under  the 
name  of  Second  Terraces.  If  the  phenomena  of  glaciation  be 
taken  as  the  criterion  of  the  Pleistocene,  then  the  Lafayette 
would  have  to  be  classed  as  Pre-Pleistocene,  since  yellow  gravel 
beds,  presumably  of  this  age,  have  been  traced  up  to  and 
underneath  the  oldest  of  the  Glacial  deposits,  and  as  yet  the 
existence  of  materials  of  Glacial  origin  among  the  Lafayette 
beds  seems  not  to  be  proven  beyond  question. 

And  further,  the  general  appearance  of  the  formation  and 
the  demonstrably  great  amount  of  erosion  which  it  had  suf- 
fered before  the  deposition  of  the  undoubted  Pleistocene  beds, 
would  lead  us  to  conclude  that  a  long  period  of  time  and  im- 
portant physical  changes  03curred  between  the  accumulation  of 
the  Lafayette  and  of  the  Pleistocene  deposits.  On  the  other 
hand,  the  phenomena  of  the  distribution  of  the  Lafayette  beds 
and  their  manner  of  accumulation,  so  utterly  unlike  those  of 
any  of  the  earlier  Tertiary  formations  of  the  Gulf  coast,  make 
it  difficult  to  lit  the  Layfayette  into  the  Tertiary. 
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If  the  great  amount  of  Post-Lafayette  erosion  should  be 
counted  a  diflSeulty  in  the  way  of  placing  the  Lafayette  de- 

Eosits  in  the  same  category  with  the  Pleistocene,  we  should 
ave  the  same  difficulty  in  the  equally  great  if  not  greater, 
amount  of  erosion  between  the  Miocene  and  Lafayette. 

While  it  must  be  admitted  that  the  Glacial  period  stands  by 
itself,  sharply  distinguished  from  anything  which  preceded  it, 
and  that  Glacial  deposits  and  their  derivatives  may  be  clearly 
distinguished  from  any  other  class  of  deposits,  it  must  also  be 
admitted  that  the  Lafayette  beds  in  their  distribution  and 
fitmcture  stand  out  as  clearly  distinct  from  anything  that  pre- 
ceded them  as  do  the  Glacial  deposits ;  they  indicate  equally 
great  physical  changes,  and  in  many  respects,  especially  in 
their  relations  to  the  underlying  formations,  more  nearly 
resemble  some  of  the  Glacial  deposits  than  they  do  anything 
else.  Besides,  the  conditions  necessary  to  glaciation  could  not 
have  been  reached  instantly,  there  must  have  been  physical 
changes  that  led  up  to  it  and  made  it  possible,  and  it  would 
seem  to  me  not  unreasonable  to  place  these  precedent  deposits 
along  with  those  due  to  the  Glaciers  themselves  in  the  Quater- 
nary. 

JPascagoula  and  Orand  Oulf, — Dr.  Hilgard,  in  his  Geology 
and  Agriculture  of  Mississippi,  gave  the  name  Grand  Gulf,  to 
a  great  series  of  sandstones,  mudstones,  and  clays,  which  in 
that  state  overlies  the  Yicksburg  Eocene.  These  beds  were 
practically  destitute  of  organic  remains  except  some  obscure 
impressions  of  plants,  and  perhaps  a  shell  or  two,  for  which 
reason  it  lias  been  impossible  to  fix  the  age  of  the  formation 
more  definitely  than  as  post-Eocene  Tertiary,  and  probably  as 
Miocene.  In  1889  Mr.  L.  C.  Johnson,  while  examining  the 
Grand  Gulf  of  Mississippi,  discovered  near  Yernal  in  Greene 
County,  on  or  near  the  Pascagoula  River,  certain  beds  with 
marine  or  estuarine  fossils  which  he  at  the  time  considered  a 
part  (the  upper  member)  of  the  Grand  Gulf,  but  so  different 
as  to  deserve  another  name.  He  accordingly  suggested  the 
name  Pascagoula, 

In  November,  188Y,  Mr.  D.  W.  Langdon,  Jr.,  under  the 
auspices  of  the  Alabama  Geological  Survey,  made  an  examina- 
tion of  the  banks  of  the  Chattahoochee  Kiver  from  Columbus, 
Ga,  to  the  Gulf,  and  discovered  nine  miles  above  Eiver 
Junction  (Chattahoochee),  overlying  the  Yicksburg  limestone 
and  extending  down  the  river  as  far  as  Alum  Bluff,  a  series  of 
marine  Miocene  beds,  consisting  of  many  feet  of  somewhat 
siliceous  and  argillaceous  limestones  overlaid  by  highly  fossil- 
iferous  sands.  The  excellent  state  of  preservation  of  the  con- 
tained shells,  renders  easy  and  certain  the  identification  of  the 
geological  age  of  these  beds,  which  is  Miocene,  the  limestone 
beds  and  the  lowest  of  the  fossil-bearing  strata  at  Alum  Bluff 
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being  lower  Miocene  (Chattahoochee  and  Cbipola  divisions), 
while  the  uppermost  of  the  fossil  beds  at  the  bluff  are  con- 
sidered as  upper  Miocene  (Chesapeake).  These  discoveries 
soon  attracted  the  attention  of  geologists  and  collectors,  and 
other  localities  were  speedily  found  where  the  lower  shell  bed 
of  Alum  Bluff  was  more  easy  of  access  and  more  prolific  of 
well  preserved  specimens  than  at  the  Bluff  itself.  Such  locali- 
ties on  Chipola  Kiver  have  furnished  the  name  which  is  now 
commonly  applied  to  these  beds.  Between  these  fossiliferons 
sands,  which  according  to  Mr.  Dall,  contain  a  certain  number 
of  Eocene  shells,  and  the  undoubted  Vicksburg  orbitoidal 
limestone,  lie  as  above  intimated,  some  two  to  three  hundred 
feet  of  calcareous  rocks,  constituting  the  series  to  which  Mr. 
Langdon  has  given  the  name  Chattahoochee.  Thus  the  exist- 
ence of  marine  basal  Miocene  beds  was  established  along  or 
very  near  to  the  eastern  border  of  Alabama. 

Then  in  1892,  Mr.  L.  C.  Johnson,  working  for  our  Alabama 
survey,  discovered  at  Healing  Springs  in  Washington  County, 
immediately  contiguous  to  the  VicKsburg  limestone,  the  char- 
acteristic gray  siliceous  mudstones  splotched  with  purplish  fer- 
ruginous stains,  of  the  Grand  Gulf  formation. 

These  and  other  equally  characteristic  Grand  Gulf  rocks, 
dark  gray  clays,  he  followed  eastward  through  the  lower  part 
of  Monroe  County  and  through  Escambia  to  the  Conecuh 
Kiver,  on  the  borders  of  which  they  are  well  exposed  in  the 
vicinity  of  Mason,  always  immediately  adjacent  on  the  south 
to  the  Vicksburg  limestone.  At  Roberts  on  Silas  Creek,  a 
tributary  of  the  Conecuh  River,  Mr.  Johnson  observed  these 
characteristic  and  unmistakable  Grand  Gulf  beds,  underlying 
and  in  direct  contact  with  sands  containing  shells  which  Mr. 
Dall  has  identified  as  belonging  to  the  Chipola  division  of  the 
Chattahoochee  River  series.  And  a  few  miles  further  south 
in  Florida  at  Oak  Grove,  Mr.  Johnson  found  a  shell  bed  with 
excellently  preserved  forms  which  Mr.  Dall  identifies  as  of 
Chesapeake  or  upper  Miocene  age.  The  Pascagoula  shells 
above  alluded  to,  have  also  been  classed  with  the  Chesapeake, 
and  borings  from  an  artesian  well  at  Mobile,  have  furnished  a 
number  of  shells  characteristic  of  the  same  period.  We  have 
thus  certain  evidence  from  our  Alabama  work,  that  the  Grand 
Gulf  occupies  a  place  between  the  Vicksburg  limestone  and 
the  Chipola  division  of  the  lower  Miocene,  being  thus  identi- 
cal in  position  with  the  calcareous  beds  of  Langdon's  Chatta- 
hoochee section.  Although  the  Grand  Gulf  rocks  have  not 
been  followed  farther  eastward  than  the  vicinity  of  the  Cone- 
cuh River,  being  deeply  covered  by  sands,  it  seems  to  us 
reasonably  certain  that  the  siliceous  and  argillaceous  rocks  that 
characterize  this  formation  in  the  west,  become  calcareous 
eastward,  and  find  their  marine  equivalents  in  the  Ohatta- 
hoocbee  of  Landgon. 
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Art.  XXVII. —  Variscite  from  Utah;  by  R.  L.  Packard. 

In  December,  1893,  a  specimen  of  a  beautiful  green  mineral 
was  sent  to  Mr.  Merrill,  Curator  of  Geology  in  the  U.  S. 
National  Museum,  for  identification  by  Mr.  F.  T.  Millis  of 
Lehi,  Utah,  who  stated  that  it  occurred  in  the  form  of  "  nug- 
gets" in  a  quartz  vein  near  Lewiston,  Utah,  some  twenty  miles 
west  of  Lehi.  Upon  a  cursory  examination  the  mineral  was 
found  to  have  the  blowpipe  characteristics  of  peganite,  as 
given  by  Dana,  but  as  this  species  has  not  heretofore  been  re- 
ported from  the  United  States  Mr.  Merrill  asked  me  to  make 
an  analysis  of  it.  The  result  showed  that  the  composition  is 
the  same  as  that  of  variscite,  and  is  as  follows : — 

H,0 22-95 

P,0, 44-40 

Al,0,  (by  difference) 32*65 

The  other  analyses  of  variscite  are  given  by  Dana  as  fol- 
lows : — 

Voightland.  Arkansas. 

H,0 22-85  23-80 

PgO^ 44-05  44-35 

AljO,   ..    3125  31-85 

while  the  callainite  described  by  Damour  gave 

H,0 2367 

P,0^ _..    42-58 

ALO 29-57 


a 


The  mineral  is  compact  or  crypto-crystalline,  and  dull,  not 
resembling  the  usual  form  of  variscite  in  these  respects.  It 
flies  to  pieces  before  the  blowpipe  and  turns  a  fine  purple  or 
lavender  color.  This  is  a  characteristic  of  peganite  but  Ches- 
ter remarked  it  in  the  case  of  variscite  from  Arkansas.*  With 
cobalt.it  gives  a  blue  color.  The  flame  is  tinged  green  by  the 
phosphoric  acid.  It  is  insoluble  in  acids  before  heating,  but 
afterwards  dissolves  readily  in  hot  acids  and  alkalies.  The 
solution  in  acid  gives  no  color  when  a  platinum  wire  is  dipped 
in  it  and  then  held  in  the  Bunsen  flame.  This  solution  gives 
no  reaction  when  H^S  gas  is  allowed  to  pass  through  it  for  half 
an  hour  or  more  and  the  precipitate  with  ammonia  and  sul- 
phide of  ammonium  is  perfectly  white.  No  manganese  or 
chromium  was  detected  by  fusing  portions  of  this  precipitate 
with  sodium  carbonate  and  with  soda  j9Z^^5  chlorate  of  potassium 
respectively.  In  the  large  specimen  sent  to  the  Museum,  the 
green  mineral  occurs  in  nodules  separated  from  each  other  by 

♦This  Journal,  vol.  xiii,  1877,  p.  295. 
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banded  envelopes  of  a  yellow  mineral  between  which  and  the 
green  is  a  powdery  white  coating,  the  whole  forming  a  large 
nodular  mass  nearly  seven  inches  in  its  longest  diameter.  A 
partial  analysis  of  the  yellow  mineral  and  the  white  powder 
which  separates  it  from  the  green,  gave  for  the  yellow, 

H,0 16-89 

P,0, 34-43 

and  for  the  white  powder 

H,0 19-74 

P,0. 37-43 

showing:  a  progression  from  yellow  through  white  to  the  green. 
Both  the  wliite  and  yellow  substances  leave  an  insoluble  residue 
which  is  larger  in  the  yellow,  and  as  the  relation  between  the 
water  and  acid  is  about  the  same  in  all  three  cases  it  seemed 
probable  that  the  three  are  practically  the  same  mineral,  the 
green  being  pure,  the  other  two  carrying  an  impurity.  A  thin 
section  of  the  green  mineral  viewed  by  polarized  light  shows 
it  to  have  a  finely  granular  structure  with  an  occasional  spher- 
ulitic  area.  The  grains  do  not  present  well  defined  crystallo- 
graphic  features  but  are  irregular  in  outline,  and  of  different 
sizes. 

The  banded  mineral  also  shows  a  granular  structure  but  the 
section  is  traversed  by  streaks  of  an  opaque  yellowish  sub- 
stance to  which  the  prevailing  yellow  color  of  the  bands  is 
doubtless  due.  The  specific  gravity  of  the  green  mineral  is 
2*62  and  its  hardness  about  4. 

No  information  was  furnished  which  would  throw  light  on 
the  question  of  the  source  or  genesis  of  this  mineral,  of  which 
the  present  appears  to  be  the  second  publicly  known  occurrence 
in  this  country. 

Washington,  D.  C,  Jan.  25,  1894. 


Art.  XXVIII. — The  Appendages  of  the  Pygidium  of  Triar 
thrus ;  by  Charles  E.  Beecher.     (With  Plate  v  II.) 

Since  the  previous  publications  in  this  Journal,  on  the 
antennae  and  thoracic  legs  of  Triarthrus  Becki^  additional 
features  have  been  worked  out  from  the  material  in  the  Yale 
Museum,  and  it  is  now  proposed  to  give  the  main  characters 
of  the  appendages  attached  to  the  pygidium,  or  caudal  shield. 
The  structure  of  the  under  side  of  the  head  will  next  be  de- 

*  Antennae  and  other  Appendages  of  Triarthrus  Beckii;  by  W.  D.  Matthew. 
This  Journal,  August,  1 893.  On  the  Thoracic  Legs  of  Triarthrus;  by  C.  HL 
Beecher.     This  Journal,  December,  1893. 
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scribed,  after  which  it  will  be  possible  to  review  the  present 
knowledge  of  Triarthrus^  together  with  its  bearings  on  the 
position  and  affinities  of  the  Trilobita. 

Walcott  first  determined  the  presence  of  pygidial  legs,  and 
in  a  restoration  of  the  ventral  surface  of  Calymene  senaria^ 
one  pair  is  represented  to  each  annulation  of  the  axis.*  Mat- 
thew (1.  c.)  figured  and  described  an  imperfect  and  poorly 
preserved  specimen  of  Triarthrus^  which  obscurely  showed 
two  flaps  or  fin  like  extensions,  beyond  the  lower  edge  of  the 
pygidium.  These  he  considered  as  possibly  anchylosed  pygidial 
limbs. 

The  specimens  here  described  leave  little  to  be  desired  in 
the  way  of  perfect  preservation.  The  lower  side  of  a 
number  of  individuals  has  been  exposed,  showing  the  ventral 
membrane  with  the  appendages  attached.  The  dorsal  shield 
has  also  been  removed  from  other  specimens,  and  the  append- 
ages exposed  from  that  side,  so  that  a  very  complete  idea  may 
be  had  of  the  character  of  the  limbs,  with  many  of  the  finer 
details  of  structure.  The  small  size  of  the  pygidium  of  Trl- 
arthrus^  and  the  great  number  of  elements  in  the  appendages, 
however,  render  it  difficult  to  remove  the  shaly  matrix  com- 
pletely. Moreover,  the  overlapping  and  crowded  arrangement 
of  the  limbs  make  the  structure  of  the  pygidial  region  seem 
quite  complicated. 

In  Calymene^  as  worked  out  by  Walcott,  these  appendages, 
of  which  the  endopodites  alone  are  shown,  are  weak  and  slender, 
and  appear  to  show  important  differences  from  those  of 
Triarthrus. 

In  Triarthrus^  the  thoracic  legs  near  the  head  are  composed 
^  of   comparatively  long- joints,  the 

proximal  ones  only  of  both 
endopodite  and  exopodite  being 
somewhat  flattened  and  ex- 
panded (figure  1).  The  func- 
tions of  these  two  branches  are 
clearly  indicated,  the  endopodite 
being  adapted  for  crawling  and  the 
exopodite  for  swimming.  From 
the  anterior  region  of  the  thorax, 
there  is  a  gradual  and  progressive 
change  in  both  branches  of  the  legs 
increasing  their  functional  powers 
FiGUBE  x.-Triarth-vs    Becki  ^g  swimming  organs.     When  the 

Greeu;  dorsal  view  of  right  legs  .,.  .  »       s     j     ,,  , 

of  second  and  third  free  thoracic    pygldlum  IS  reached,   the  endopo- 

segments.    x  12.  ditcs  preserve  their  slender,  jointed 

distal  portion,  but  the  proximal  part 

♦  The  Trilobite :  new  and  old  evidence  relating  to  its  organization.     Bulletin 
of  the  Museum  of  Comparative  Zoology,  vol.  viii,  No.  10,  1881. 
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is  composed  of  segments  which  are  considerably  expanded 
transversely,  thus  making  a  paddle-like  organ,  the  anterior  edge 
of  which  is  straight,  while  the  posterior  one  is  serrated  by 
the  projecting  points  of  the  expanded  segments.  These  points 
bear  small  bundles  of  setae  (Plate  VII,  figure  2). 

The  extreme  posterior  endopodites  are  made  up  of  endites 
having  a  width  two  or  three  times  greater  than  the  length.  A 
young  individual  (Plate  VII,  figure  3)  presents  pygidial  endop- 
odites, having  this  character  while  the  lower  thoracic  seg- 
ments (not  represented  in  the  figure)  bear  endopodites  similar 
in  form  to  a^^  in  figure  2.  As  these  phyllopodiform  append- 
ages are  the  youngest  and  most  immature  on  an  adnlt  Triar- 
thriLs^  and  are  the  prevailing  form  on  the  pygidium  of  an 
adolescent  specimen,  they  probably  indicate  some  primitive 
feature  or  simple  type  of  trilobite  leg.  Their  resemblance  to 
the  endopodites  of  Apu%^  figure  4,  or  to  a  typical  phyllopod 
limb  is  very  marked. 

There  is  little  apparent  change  in  the  structure  of  the  exop- 
odites  from  the  anterior  thoracic  segments  to  the  pygidium, 
as  throughout  this  length  they  retain  the  large  basal  joint  with 
a  slender  many  jointed  end  carrying  a  long  fringe  of  closely 
arranged  setae.  As  shown  in  figure  1,  these  fimbriae  overlap, 
and  project  behind  the  pygidium,  forming  with  the  endopo- 
dites a  fin-like  expansion  on  each  side,  especially  well  adapted 
to  propel  and  guide  the  animal  in  swimming.  They  may  have 
served  also  as  egg  carriers.  As  far  as  known,  there  was  but  a 
single  pair  of  biranious  limbs  to  each  annulation,  or  potential 
segment,  of  the  pygidium. 

Yale  Museum.  New  Haven,  Conn..  March  9th,  1894. 


EXPLANATION  OF  PLATE. 

Triarthrus  Becki  Green. 

Figure  1. — Dorsal  side  of  pygidium,  showing  fringes  of  exopodites  (6)  and  ends 
of  endopodites  (a).  The  last  free  thoracic  segment  is  represented 
in  outline.     Taken  from  an  entire  individual,      x  16. 

Figure  2.— Ventral  view  of  pygidium  with  appendages  well  preserved  on  one 
side,  showing  expanded  setiferous  endites  of  endopodial  limbs 
(a',  a'^,  etc  )  and  exopodites  (6).  The  last  free  thoracic  segment  is 
represented  in  outline.     Taken  from  an  entire  individual,      x  16. 

Figure  3. — The  endopodites  (somewhat  displaced)  from  right  side  of  pygidium 
of  small  specimen.      The  two  end  segments  of   upper  limb  are 
restored.     The  lower  limbs  are  minute  and  rudimentary,      x  60. 
Utica  Slate.     Near  Rome,  N.  Y. 

Figure  4. — Endopodites  from  right  side  of  fourth  larval  stage  of  Apus^  enlarged. 

(After  Claus) 
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Art.  XXIX. — On  the  Geological  Position  of  the  Eocene 
Deposits  of  Maryland  and  Virginia;  by  Gilbert  D. 
Harris. 

In  the  spring  of  1830,*  T.  A.  Conrad  made  a  visit  to  the 
western  shore  of  Maryland  for  the  purpose  of  collecting  fossil 
remains  and  observing  the  geological  features  of  the  region. 
He  discovered  in  the  vicinity  of  Ft.  Washington  beds  that  he 
correlated  with  the  London  Clay  of  England  since  they  con- 
tained among  other  extinct  species  Venericardia  planicosta  of 
Lamarck.  A  few  years  laterf  he  called  attention  to  the  resem- 
blance of  Cucullcea  gigantea  of  this  locality  to  a  European 
species,  and  noted  the  similarity  of  Ostrea  compressirostra  and 
tne  European  Ostrea  hellovadiia.  In  the  same  work  he  de- 
scribed many  new  species  from  Claiborne,  Alabama,  mentioned 
others  from  Vance's  Ferry,  South  Carolina,  and  classified 
Maryland,  Alabama,  and  South  Carolina  deposits  alike  as 
"  Middle  Tertiary  or  London  Clay  and  Calcaire  Grossier. " 

The  Rogers  in  1839:1:  differentiated  this  series  from  the  over- 
lying Miocene  and  underlying  Cretaceous  in  Virginia  and  cor- 
rectly referred  it  to  an  Eocene  horizon  and  described  several 
of  its  characteristic  species. 

Conrad,  in  the  Proceedings  of  the  National  Institution, 
184:1,§  mentioned  many  Eocene  localities  in  the  Gulf  and  At- 
lantic slope  States  and  pointed  out  the  resemblance  of  the 
Upper  Marlboro  rocks  of  Maryland  to  those  of  Bangor,  Eng- 
land, Ostrea  hellovaciiia  he  affirmed  was  found  at  either  locaJ- 

Up  to  this  time,  no  stress  had  been  laid  on  the  stratigraphic 
position  of  the  various  Eocene  outcrops  in  America ;  to  know 
that  they  were  Eocene  was  all  sufficing.  In  1855,  however, 
Conrad  II  established  three  subdivisions  in  the  Alabama  and 
Mississippi  deposits  of  this  series,  naming  them  in  descending 
order,  the  Vicksburg,  Jackson  and  Claiborne  groups.  In  1865 
he  instituted  another,  the  Lignite  Formation,T[  wherein  he 
seemingly  desired  to  include  beds  lying  between  the  "  Buhr- 
stone. "  as  described  by  Tuomey,  and  the  Cretaceous.  To  this 
formation  he  referred  the  dark  colored  friable  clays  of  Piscat- 
away  Creek  and  the  basal  bed  of  Tuomey's  section  on  Bashia 
Creek,  Clark  Co.,  Alabama ;  but  the  "  Marlboro  rock  "  to  use 

*  Jour.  Ac.  Nat.  Sci.  Phila.,  1st  Series,  vol.  vi,  1830,  pp.  205  et  seq. 

•Fossil  Shells  Tert.  Form.  N.  A.,  Harris'  Reprint,  p.  [21  J. 

::  Trans.  Am.  Phil.  Soc,  N.  Ser.,  vol.  v,  1839,  p.  347  et  seq. 

§  Second  Bull ,  pp.  172-179. 

I  Proc.  Acad.  Nat.  Sci.  Philad.,  vol.  vii,  p.  257. 

^  Proc.  Acad.  Nat.  Sci.  Philad,  vol.  xvii,  1866. 


302    Harris — Eocene  Deposits  of  Marylcmd  and  Vii'ginia. 

his  own  expression,  belongs  to  a  higher  or  "  BuhrstoDC  "  hori- 
zon. 

Practically  the  same  conclusions  were  reiterated  by  Heilprin* 
in  a  "  Note  on  the  Approximate  Position  of  the  Eocene  De- 
posits of  Maryland,"  published  in  the  Proceedings  of  the 
Academy  of  Natural  Sciences  of  Philadelphia,  1881.  Conrad's 
stratigraphic  nomenclature  he  modernized  to  some  extent  and 
used  the  term  "  Eo-lignitic "  in  place  of  Conrad's  "  Lignite 
Formation. " 

It  was  not  until  1886  that  the  typical  section  of  American 
marine  Eocene,  namely,  that  of  Alabama  was  published.  This 
was  given  in  Bulletin  No.  43  of  the  U.  S.  Geological  Survey 
by  Smith  and  Johnson.  In  the  same  year  also,  appeard  Bul- 
letin No.  1  of  the  State  survey  of  Alabama  in  which  Aldrich 
listed  the  known  species  from  the  various  stages  and  sub-stages 
of  the  series.  Herein  is  found  the  clue  to  the  special  problem 
in  question,  i.  e.,  what  horizon  in  the  Alabama  section  does  the 
Eocene  of  Maryland  and  Virginia  (Pamunkey  formation  of 
Darton)  represent.  Whereas  the  Buhrstone  and  the  section 
on  Bashia  Creek  furnish  few  or  no  characteristic  Maryland 
and  Virginia  Eocene  species  as  neither  Conrad  nor  Heilprin 
were  able  to  show  although  for  some  cause  they  believed  all 
should  be  relegated  to  practically  the  same  horizon,  the  Bell's 
Landing  sub-stage  including  the  Bell's  Landing,  Gregg's  Land- 
ing, and  Nanafalia  deposits  do  furnish  such  characteristic  fos- 
sils. During  a  recent  visit  to  these  localities  I  observed  that 
the  material  in  which  the  fossils  are  imbedded  is  very  similar 
to  that  of  the  Virginia  Eocene,  while  the  fossiliferous  zones 
are  widely  separated  by  beds  of  fine  dark  lignitic  clay.  The 
species  obtained  that  are  most  telling  as  indices  of  horizon  are 
as  follows : 

Dosiniopsis  lenticularis  Rogers;  found  at  Bell's  Landing ; 
also  very  abundant  in  the  Maryland  and  Virginia  (Pamunkey) 
Eocene.  A  slight  varietal  form  from  the  vicinity  of  Piscata- 
way  Creek  and  Ft.  Washington  has  been  named  JD.  meeki  by 
Conrad. 

Cueulkea  transversa  Rogers ;  common  in  the  Gregg's  Landing 
bed  and  in  Virginia,  probably  simply  a  small  variety  of  C,  ono- 
chela  Rogers  and  0,  glgantea  Conrad. 

Venericardia  plaiiicosta^  var.  regia  Con. ;  common  in  all 
members  of  the  Bell's  Landing  sub-stage  as  well  as  in  Virginia 
and  Maryland. 

Ostrea  compi'essirostra  Say ;  abundant  in  the  Bell's  Landing 
horizon  of  Alabama  and  in  Maryland  and  Virginia. 

Turvltella  7)iorton%  wdiW^jpostmortoni^  nov  var. ;  very  abund- 
ant at  Gregg's  and  Bell's  Landing;  rare  among  other  T.  mot- 

*  Pp.  444-447. 
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toni  from  Aquia  Creek,  Virginia ;  characterized  by  its  rather 
smaller  size,  plainer  surface,  extremely  sharp  basal  carina.  See 
figs.  1,  2,  and  3. 

Turritella  humerosa  Conrad ;  abundant  in  several  varietal 
forms  in  the  Bell's  Landing  sub-stage ;  common  in  Maryland 
and  Virginia.  This  species  ranges  from  the  Midway  to  the 
Claiborne  inclusive,  but  seems  exceptionally  well  developed  at 
this  horizon. 

Turritella  prceeincfa  Conrad  ;  very  common  in  the  BelPs 
Landing  sub-stage  of  Ala. ;  rare  at  Aquia  Creek,  Va.  The 
Virginia  specimens  are  less  strongly  carinated  than  their  Ala- 
bama representatives. 

Natica^  species  probably  new,  from  Bell's  Landing  and 
Maryland. 

Besides  these,  other  species  can  be  mentioned  that  are  found 
in  common  in  the  Pamunkey  and  the  Alabama  Lignitic.  Here 
may  be  included  Volutilithes  petrosa^  var.  tuoiney%  Levificsus 
trabeatus  var.,  and  perhaps  Uytherea  ovata  Rogers,  which  is 
likely  to  prove  the  same  as  C.  nuttalliopsis  of  Heilprin. 

The  fauna  of  the  Bell's  Landing  sub-stage  is  much  more 
varied,  i.  e.,  contains  a  far  greater  number  of  species  than  does 
that  of  the  Eocene  of  Maryland  and  Virginia.  As  a  rule,  such 
species  as  survive  in  the  later  stages  of  this  series  are  here  rep- 
resented by  unusually  large  varieties.  While  those  that  are 
common  to  this  and  the  Maryland  and  Virginia  deposits  are 
dwarfed  or  comparatively  smaller  than  their  northern  represen- 
tatives.    This  however,  does  not  invariably  hold  true. 

As  far  as  is  yet  known  the  different  horizons  of  the  Mary- 
land and  Virginia  section  contain  practically  the  same  fauna, 
although  at  some  localities  and  horizons  a  few  forms  may 
appear  extremely  abundant,  while  elsewhere,  they  maybe  very 
scarce.  It  is  too  early  however  to  speak  with  much  certainty 
on  this  point.  The  fossils,  as  a  rule,  are  poorly  preserved  and 
thus  far  only  the  commoner  forms  have  been  collected  and 
described.  There  are  traces  of  many  less  conspicuous  ones 
that  may  serve  to  throw  additional  light  on  this  subject  when 
their  characteristics  have  been  ascertained. 

Below  will  be  found  a  general  section  of  the  Eocene  series 
of  the  Southern  States.  It  is  based  to  a  considerable  extent  on 
that  given  by  Smith  and  Johnson  {loc,  cit.)  though  modified  to 
include  and  harmonize  with  the  writer's  more  recent  observa- 
tions. The  horizon  of  the  Maryland  and  Virginia  Eocene  is 
moreover,  indicated. 
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Art.  XXX. — Contributions  to  the  Crystallization  of  WUle- 
mite;  by  S.  L.  Penfield. 

.  As  far  as  known  willemite  is  a  mineral  of  rare  occurrence. 
The  manganese  variety,  troostite,  is  found  at  Franklin,  Sussex 
Co.,  New  Jersey,  in  sufficient  quantity  to  make  it  a  valuable 
ore  of  zinc,  it  also  occurs  sparingly  at  the  Merritt  mine, 
Socorro  Co.,  New  Mexico,  an  analysis  and  description  of  it 
having  been  given  by  Prof.  F.  A.  Genth  *  In  the  summer  of 
1891,  while  collecting  for  the  U.  S.  Geological  Survey,  the 
writer  found  a  well  crystallized  specimen  on  the  dump  of  the 
Sedalia  Copper  Mine,  near  Salida,  Chaffee  Co.,  Colorado  and, 
as  far  as  known,  these  three  are  the  only  localities  for  the  min- 
eral in  the  United  States. 

Our  knowledge  of  the  crystallization  of  willemite  is  limited 
to  a  description  by  A.  Levyf  of  the  simple  crystals  from 
Moresnet  near  Altenberg  and  to  measurements  with  the  con- 
tact goniometer  of  the  large  troostite  crystals  from  New 
Jersey  by  E.  S.  Dana:]:  and  Des  Cloizeaux.§  From  the  simi- 
larity of  the  rhombohedral  angles  of  willemite,  Zn,SiO^  and 
phenacite  Be^SiO^  it  has  been  assumed  by  Grothf  that  wille- 
mite probably  crystallizes  like  the  latter  in  the  rhombohedral- 
tetartohedral  division  of  the  hexagonal  system,  but  no  crystals 
have  ever  been  described  which  were  sufficiently  modified  to 
show  the  tetartohedrism. 

Willemite  from  the  Merritt  Mine,  New  Mexico. 

Through  the  kindness  of  Mr.  Geo.  W.  Fiss  of  Philadelphia, 
Pa.,  the  author  has  been  supplied  with  a  suite  of  specimens 
containing  crystals  suitable  for  measurement  on  the  reflecting 
goniometer.  The  crystals  are  colorless,  transparent  and  meas- 
ure on  the  average  about  O-S™""  in  greatest  diameter.  Some 
exhibit  a  dark  center  with  transparent  exterior,  or  with  simply 
the  extremities  of  the  prism  clear.  The  crystals  occur  as 
aggregations  or  as  druses  lining  cavities  in  the  rock.  The 
forms  which  have  been  identified  are  : 

c,  0001,  O  6,  01l2,  -I 

2P2  / 
a,  1120,  i-2  u,  2113,  f-2/     or      ^ 

r,    1011,  1  V,  1325, -|3r    or  — ijy 

2,  0111,  -1 

*  Proc.  Am.  Phil.  Soc,  xxiv,  p.  43,  1887.        f  Ann  Mines,  iv,  p.  613,  1843. 
t  System  of  Min.,  Sixth  Edition,  p.  460. 

i;  Manuel  de  Min^ralogie   1862,  p.  43. 
Tabellarische  Uebersicht  der  Mineralien,  1 889,  p.  HI. 
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Figures  1  and  2  represent  the  ordinary  developments  of  the 
faces.     The  rhombohedron  of  the  second  order,  n  was  ob- 
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served  intersecting  both  extremities  of  the  vertical  axis  and 
always  in  the  position  required  by  rhombohedral  tetartohedrism. 
The  rhombohedrons  z  and  v  are  of  rare  occurrence.  All  of 
the  forms  which  have  been  observed  are  represented  in  the 
basal  projection,  fig.  3.  Among  a  suite  of  specimens  from 
this  locality  in  the  cabinet  of  the  late  Prof.  F.  A.  Genth,  sent 
to  the  writer  by  Dr.  F.  A.  Genth,  Jr.,  only  the  simple  combi- 
nation of  prism  and  basal  plane  was  observed. 

The  crystals  are  brilliant  and  give  good  reflections,  but  the 
faces  are  commonly  vicinal,  which  renders  the  measurements 
somewhat  uncertain.  There  was  a  decided  tendency  for  the 
basal  plane  to  develop  into  a  flat  vicinal  rhombohedron,  while 
the  prism  seemed  always  to  be  slightly  warped  or  twisted. 
Although  the  measurements  of  similar  angles  show  a  consider- 
able variation,  the  best  of  them,  judging  from  the  character  of 
the  signals,  agree  closely  with  the  values  calculated  from  the 
fundamental  measurement  of  Levy,  jt?/^^,  3034 /^  0334 =51°  30'. 
It  was  decided,  therefore,  to  retain  his  axial  ratios,  a:c  — 
1:0-6696. 

The  following  is  a  list  of  some  of  the  calculated  and  meas- 
ured angles. 


Number 

Average 

of  times 

Calculated,     measurement. 

measured. 

Limits. 

c  ^e. 

0001,^0112  =  21° 

8' 

21° 

6' 

11 

20° 

40-21' 

'28' 

e  /se', 

Oll2/s,i012  —  36 

23 

35 

48 

11 

35 

5-36 

24 

ct/\e. 

1120/^0112  =  71 

48 

71 

39 

71 

14-71 

57 

r  ^e, 

10ll/s0ll2=:31 

59 

32 

0 

31 

36-32 

38 

r  /\e', 

1011/^1012  —  58 

51 

58 

45 

68 

25-59 

5 

c  ^r, 

0001 /s  101 1  =  37 

m 

37 

56 

c  ^z, 

OOOl/s^Orll  =37 

424 

37 

57 

ey\u\ 

0112/^l2l3  —  11 

454 

11 

25 

11 

21-11 

27 

e  ^  u, 

0112/^2113  —  31 

36 

31 

51 

C  y^lty 

0001/^2113  =  24 

3 

23 

24 

u^n\ 

2il3/sl2l3  =  41 

20 

40 

49 

e  /\v, 

0112/^1325=     7 

7 

1 

23 
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WUlemite  from  the  Sedatia  Mine,  Salida,  Colorado. 

At  this  locality  it  was  observed  in  transparent,  colorless  crys- 
tals up  to  3""°  in  diameter,  having  the  habit  eliown  in  fig,  -i. 
The  mineral  was  identified  by  its  blowpipe  reactions  and  the 
following  measurements : 

Measured.  Calculated. 

6y^e,  Ii02y^0ll2  =    35°  3fi'  36°  23' 

d^e,  i2l0/^0ll2=    71    42  71    48 

The  crystal  faces  are  warped  and  striated  and  on  some  of 
them  low,  vicinal  prominences  are  developed,  which  are  un- 
symmetrical  with  reference  to  the 
rhombohedron  e  and  indicate  clearly 
that  the  crystals  are  tetartohedral. 
"When  mounted  in  Canada  balsam 
these  rather  flat  crystals  show  with 
convergent  polarized  light  a  normal 
aniaxial  interference  figure,  and  a 
strong  positive  double  refraction. 

WUlemite  or  Trooslile  from  Franklin,  N".  J. 
The  crystals  from  this  locality,  which  are  commonly  found 
imbedded"  in  calcite,  are  usually  rather  coarse  and  show  simple 
combinations  of  a,  1120 ;  r,  lOll ;  e,  01l2  and  c,  OOUl.  In 
the  private  collection  of  Mr.  Frederick  A,  Cantield  of  Dover, 
N.  J.,  there  are,  however,  two  specimens  which  are  worthy  of 
special  description,  as  the  crystals  exhibit  combinations  which 
are  very  unusual  for  the  Franklin  mines  and  are  also  beautiful 
illustrations  of  rhombohedral-tetartohedrism.  These  speci- 
mens were  kindly  loaned  to  the  writer,  who  takes  this  oppor- 
tunity of  expressing  his  thanks  to  Mr,  Cantield, 


On  one   specimen    there   were  several   nearly   transparent, 

freen  prisms,   attached  to  agangueof  massive  willemite  and 
ranklinite.    One  of  these,  about  30"°'  long  by  20""°  in  diam. 
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eter,  was  so  attached  that  only  a  part  of  its  faces  were  devel- 
oped, which  are  represented  in  about  their  natural  proportion 
in  fig.  5.  The  prominent  rhombohedron  u  is  of  the  second 
order,  and  if  it  corresponds  in  position  to  u  in  the  New  Mexico 
willemite,  2ll3,  |-2/,  then  the  terminal  faces  are  those  of  the 
lower,  instead  of  the  upper  end  of  the  crystal,*  and  if  sym- 
metrically developed  would  appear  as  in  fig.  6.  The  rhombo- 
hedron 8  is  1123,  %-2r  and  e  is  01l2,-4.  The  prisms  are  of 
the  first  order  w,  of  the  second  order  a  and  of  tne  third  order 
A,  3l20,  i-^l,  although  the  symbol  of  the  latter  is  uncertain,  as 
satisfactory  measurements  could  not  be  made. 

The  second  specimen  contained  long  prisms  of  nearly  trans- 
parent, pale-green  willemite,  imbedded  in  a  pink  manganifer- 
ous  calcite.  Only  one  of  these,  measuring  about  6""^  in  diam- 
eter, was  well  terminated,  fig.  7.     The  rhombohedron  x  is  of 

the  third  order  and  has  the  symbol  3l2l,  1^1  or— ^  —.      The 

prismatic  faces  are  bright  but  the  rhombohedron  is  dull  so 
that  measurements  were  made  only  with  a  contact  goniometer, 
as  follows : 

Aao;,  2ll0.s312l         a  ^a;,  1120  a  3T21  jc  ^a;,  3l2l  ^  2311 

Measured 28^°  54  J°  102® 

Calculated  ..   28        5'  53        59'  102    10' 

This  interesting  and  very  unusual  combination  of  prisms 
terminated  only  by  a  rhombohedron  of  the  third  order  is  simi- 
lar to  that  exhibited  by  some  of  the  phenacite  crystals  from 
Mt.  Antero,  Colorado. f 

On  the  cleavage  of  Willemite, 

Statements  are  made  by  various  authors  that  willemite  has  a 
distinct  basal  cleavage,  while  the  manganese  variety,  troostite, 
cleaves  parallel  to  a  prism  of  the  second  order,  and  this  varia- 
tion, together  with  the  differences  in  crystalline  habit  and 
chemical  composition  have  been  cited  as  grounds  for  regarding 
the  two  minerals  as  distinct  species. 

During  the  course  of  this  investigation  the  subject  of  cleav- 
age has  been  carefully  considered.  On  the  crystals  from  Mor- 
esnet  either  a  basal  or  a  prismatic  cleavage  may  be  produced 
by  placing  a  knife  blade  in  appropriate  positions  on  the  crys- 
tals and  pressing  until  they  break.  The  cleavages  are  poor, 
they  can  scarcely  be  called  distinct  and  both  are  about  equally 
perfect,  although,  owing  to  the  prismatic  shape,  the  basal  is 

*  Owing  to  the  rliombohedral-tetartoliedrism  the  upper  and  lower  ends  of  a 
crystal  can  not  bo  interchanged  without  changing  the  symbols  of  the  faces, 
f  This  Journal,  III,  xxxvi,  p.  320,  1888. 
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perhaps  more  easily  produced.  It  was  moreover  observed  that 
milky,  white  crystals  yielded  the  basal  cleavage  more  readily 
than  clear,  transparent  ones.  If  the  crystals  are  broken  with- 
out care  they  usually  show  only  an  irregular  to  conchoidal 
fracture.  The  same  holds  true  for  the  transparent  crystals 
from  Franklin,  while  the  ordinary  massive  specimens  usually 
present  only  irregular  fractures.  A  ^ood  prismatic  cleavage, 
which  may  occasionally  be  observed,  is  perhaps  of  secondary 
origin,  resulting  from  pressure.  All  attempts  to  produce 
cleavages  on  the  crystals  from  Salida  and  the  Merritt  mine 
failed,  owing  to  their  shape  and  small  size. 

In  conclusion,  therefore,  the  author  believes  that  there  are 
no  essential  differences  in  cleavage  or  crystallization  between 
willemite  and  troostite  which  warrants  their  separation  into 
distinct  species.  * 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  November,  1893. 


Art.  XXXI. — O71  the  Occurrence  of  Olenellus  in  the  Green 
Pond  Mountain  Series  of  Northern  New  Jersey^  with  a 
Note  on  the  Conglomerates  /  by  Charles  D.  Walcott. 

In  company  with  Dr.  John  C.  Smock,  State  Geologist  of 
New  Jersey,  I  visited,  in  October,  1893,  several  localities  of 
the  Green  Pond  Mountain  rocks  in  northern  New  Jersey,  and 
also  crossed  into  Orange  County,  New  York,  to  see  the  section 
of  the  southwestern  portion  of  Skunnemunk  Mountain. 

The  first  locality  that  we  examined  was  at  a  point  four  miles 
northeast  of  Newfoundland  and  two  miles  north  of  Lake 
Macopin,  where  the  succession  from  below  upward  is,  gneiss, 
bedded  quartzite,  massive-bedded  siliceous  limestone,  and  a 
belt  of  shales  that  pass  beneath  the  conglomerate  of  Kanouse 
Mountain.  The  latter  formation  extends  to  the  southwest  and 
merges  into  the  Copperas  Mountain  conglomerate.  Fragments 
of  Olenellus  were  found  in  the  limestone.  Subsequently  I 
visited  the  Gould  quarry,  one  mile  north  of  Macopin  Lake, 
where  the  section  is  essentially  the  same,  but  more  complete.* 
The  quartzites  are  separated  by  a  slight  interval  of  soil  from 
the  gneiss,  and  pass  above  into  a  conglomerate  formed  of 
white  quartz  pebbles  in  a  reddish  matrix.  Keddish-purple 
sandstones  also  occur  associated  with  the  conglomerate,  the 
whole  forming  a  mass  not  over  ten  feet  in  thickness.  The 
superjacent  limestone  has  been  extensively  cut  into  in  quarry- 

*QeoL  Surv.  New  Jersey,  Ann.  Rept.  1884,  p.  52. 
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ing  operations  and  dips  beneath  a  conglomerate  formed  of 
white  qnartz  pebbles,  essentially  the  same  as  those  in  the  con- 
glomerate beneath  the  limestone.  As  in  the  section  one  mile 
to  the  north,  an  interval  of  slate  occurs  between  the  low  ridge 
formed  by  the  limestone  and  associated  rocks  and  the  massive 
conglomerate  of  Kanouse  Mountain  on  the  west.  The  dis- 
covery of  the  Olenellus  fauna  in  the  limestone  is  a  positive 
addition  to  the  data  for  working  out  the  stratigraphy  of  the 
Green  Pond  Mountain  area.  .  Occurring,  as  it  does,  in  a  lime- 
stone that  merges  above  and  below  into  beds  of  conglomerate 
that  are  essentially  of  the  Green  Pond  Mountain  type,  it 
proves  that  the  conditions  under  which  this  characteristic 
formation  was  formed  began  in  lower  Cambrian  time. 

In  a  recent  paper  Mr.  A,  F.  Foerste*  states  that  "  Since  the 
rocks  all  dip  west  the  conglomerates  forming  the  eastern  side 
of  Copperas  and  Kanouse  Mountains  must  be  Oneida,  the  red 
sandstone  above  the  same,  the  Medina,  the  underlying  lime- 
stone, the  Magnesian  limestone,  and  the  basal  sanostone,  the 
Cambrian ;  but  instead  of  the  term  Potsdam  it  is  necessary 
now  until  further  developments,  to  call  it  Olenellus  Cambrian. 
It  is  a  quaitzite  sandstone  from  ten  to  fifteen  feet  thick,  and 
so  far  has  not  furnished  fossils." 

The  danger  of  correlation  by  lithological  characteristics  is 
shown  by  tlie  reference  of  the  limestone  in  which  I  found 
Olenellus  to  the  Magnesian  limestone  of  the  Pennsylvania 
and  New  York  sections.  The  use  of  the  term  "  Olenellus 
Cambrian"  for  the  sandstone  or  quartzite  is  objectionabla  In 
the  absence  of  fossils  the  correlation  of  the  basal  sandstone  of 
one  basin  of  sedimentation  with  the  basal  sandstone  of  another 
basin  of  sedimentation  must  necessarily  be  more  or  less  con- 
jectural. 

In  the  report  of  1868  Dr.  Geo.  H.  Cook,  the  then  state 
geologist,  referred  the  conglomerates  of  Copperas  and  Kanouse 
Mountains  to  the  Potsdam  epoch  of  the  New  York  series  on 
account  of  their  being  at  the  base  of  the  Paleozoic  series. 
Mr.  Foerste  is  now  confident  that  they  are  of  the  age  of  the 
Oneida  conglomerate  of  the  New  York  section.  From  the 
data  at  present  available  it  may  be  that  the  latter  is  correct; 
but,  from  the  fact  that  the  sediments  of  the  Green  Pond 
Mountain  area  were  deposited  in  a  basin  distinct  from  that  to 
the  west  and  north,  it  is  evident  that  any  attempt  to  make 
exact  correlations  between  the  rock  series  of  this  basin  and 
that  of  the  more  extensive  basin  of  New  York,  western  New 
Jersey,  and  Pennsylvania  will  be  more  or  less  theoretical. 
The  sedimentation  of  the  Green  Pond  Mountain  area  of  New 

*Tliis  Journal,  vol.  xlvi,  1893,  p.  44]. 
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Jersey  and  southeastern  New  York  is  peculiar  to  itself ;  and 
the  use  of  the  term  "  Oneida  conglomerate "  for  the  con- 
glomerate of  Kanouse  and  Copperas  Mountains  is  confusing 
to  one  acquainted  with  the  stratigraphy,  and  much  more  so  to 
the  student  who  endeavors  to  class  two  such  unlike  formations 
as  one  and  the  same  formation.  If  it  is  desirable  to  correlate 
the  conglomerate  of  Kanouse,  Copperas  and  Green  Pond 
'  Mountains  with  the  Oneida  conglomerate  of  the  New  York 
series,  I  think  less  confusion  would  be  caused  by  calling  it  the 
Green  Pond  conglomerate,  and  stating  that  this  conglomerate 
is  correlated  with  the  Oneida  conglomerate  under  the  belief 
that  it  occupies  the  same  stratigraphical  position.  When  I 
speak  of  the  Green  Pond  conglomerate,  it  is  understood  that 
the  conglomerates  of  Skunnemunk  and  Bear  Fort  Mountains 
are  not  included.  There  appear  to  be  several  horizons  of 
conglomerates  in  the  Green  Pond  Mountain  region,  viz  : 

Ist.  The  Macopin  Lake,  of  lower  Cambrian  age; 

2d.  The  Green  Pond,  Kanouse  and  Copperas  Mountain  conglom- 
erate, Ordovician  or  Silurian ; 

3d.  The  white  conglomerate  west  of  Greenwood  Lake,  etc. 

4th.  The  narrow  belt  of  conglomerate  beneath  the  shales  carry- 
ing the  Hamilton  fauna,  on  Greenwood  lake, /oi(76r  Devonian. 

5th.  The  massive  Devonian  conglomerate  of  Skunnemunk  Moun- 
tain, which  appears  to  extend  to  the  southwest  into  Belle- 
Vale  and  Bear  Fort  Mountains. 

Of  these  the  2d  and  5th  are  massive  and  important  forma- 
tions. The  1st,  3d  and  4th  are  local  and  appear  to  be  of  little 
stratigraphical  importance.  With  the  exception  of  the  3d, 
they  serve  to  emphasize  the  fact  shown  by  the  2d  and  5th, — 
that  conglomerates  of  essentially  the  same  type  may  be  re- 
peated at  several  horizons  within  the  same  basin  of  sedimenta- 
tion. 

Mr.  N.  H.  Darton  informs  me  that  he  arrived  at  essentially 
the  same  conclusions  from  a  much  more  thorough  study  of  the 
Green  Pond  Mountain  region  than  I  was  able  to  make.  He 
presented  his  paper  at  the  Boston  meeting  of  the  Geological 
Society  of  America  (Dec,  1893)  and  1  cheerfully  yield  him 
priority,  as  his  work  was  done  before  I  entered  the  field. 
These  conclusions  were  not  known  to  me  until  more  than 
three  months  after  the  writing  of  the  preceding  notes  and 
after  they  were  in  type. 
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Art.  XXXII. — Notes  on  NicheUferoua  Pyritefratn  Murray 
Mine^  Sudbury,  Ont. ;  by  T.  L.  Walker. 

The  principal  nickel  ore  of  the  Sudbury  district  is  nickelif- 
erous  pyrrhotite.  In  smaller  quantities,  nickel  occurs  in  seve- 
ral other  forms  such  as  niccolite,  gersdorffite,  pentlandite, 
polydymite,  and  nickeliferous  pyrite ;  these  minerals  are  how- 
ever often  in  such  quantities  as  to  be  of  great  economic  im- 
poVtance.  It  is  intended  in  the  present  article  to  give  a  few 
notes  on  the  occurrence  of  nickeliferous  pyrite. 

At  the  Murray  mine  on  the  main  line  of  the  Canadian 
Pacific  Railway  about  four  miles  northwest  of  Sudbury  is 
found  a  nickel-iron  sulphide  containing  from  four  to  six  per 
cent  of  nickel.  The  writer  first  had  nis  attention  drawn -to 
this  mineral  in  1891  when  assayer  at  the  above  mine.  Dr. 
W.  L.  Goodwin  of  the  Kingston  School  of  Mining  published 
some  notes  on  this  mineral  in  the  "  Canadian  Record  of  Sci- 
ence "  for  April,  1893 — the  specimens  then  at  hand  however 
were  massive  and  somewhat  decomposed.  The  ore  occurs  in 
a  rock,  which  on  microscopic  examination  proves  to  be  diorite, 
which  is  coarsely  crystalline  and  weathers  easily,  so  that  for  a 
few  feet  below  the  surface  the  rock  is  decomposed  and  crum- 
bles to  pieces  when  exposed  to  the  air,  exposing  the  kernel- 
like masses  of  pyrite.  Marcasite  (containing  no  nickel  or 
cobalt),  magnetite,  galena,  chalcopyrite  and  nickeliferous  pyr- 
rhotite are  the  associated  minerals.  At  first  only  massive 
specimens  were  found,  but  during  the  summer  of  189S  the  mine 
was  again  visited  and  several  specimens  were  obtained  showing 
druses  of  small  bright  cubic  crystals.  These  were  examined 
and  shown  to  contain  nickel,  but  as  they  were  very  small  no 
quantitative  analysis  was  made  of  them.  The  interfaeial 
angles  of  the  crystals  were  measured  under  the  microscope 
and  found  to  range  from  90°  to  90°  40',  which,  when  it  is  re- 
membered that  the  largest  crystals  measured  only  "S"™,  is  a 
very  close  approximation  to  the  cube.  The  characteristic 
strise  of  pyrite  could  not  be  detected.  Some  of  the  larp^er 
crystals  were  pressed  into  a  pine  splinter  and  bright  surfaces  of 
calcite,  fluorite  and  apatite  were  in  turn  scratched.  Orthoclase 
was  too  hard  to  be  scratched  by  them — ^the  hardness  of  the 
crystals  is  thus  between  5  and  6,  which  is  quite  close  to  that  for 
ordinary  pyrite.  The  mineral  strikes  fire  with  the  hauimer. 
Specific  gravity,  color,  lustre,  and  magnetic  properties  are  the 
same  as  in  ordinary  pyrite.  The  mineral  is  insoluble  in  hydro- 
chloric acidbut  dissolves  readily  in  nitric  acid. 

An  analysis  was  made  of  some  of  the  massive  pieces,  show- 
ing no  signs  of  decomposition,  with  the  following  result : 
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Nickel 4-34^ 

Iron 39-70 

Sulphur 49-31 

Moisture -10 

Copper traces 

Insoluble 5*76 

Arsenic none 

Seeing  that  the  mineral  so  closely  resembles  pyrite,  and 
knowing  that  iron  and  nickel  are  isomorphous  in  many  of 
their  compounds,  it  is  reasonable  to  regard  this  mineral  as 
pyrite  in  which  part  of  the  iron  is  replaced  by  nickel ;  its  com- 
position will  then  be  represented  by  the  formula  [FeNi]Sa. 
iVhen  thus  considered  the  above  analysis  may  be  represented 
as  follows : 


Nickel 4-34;^ 

Salphur 49-31j^  j  ^J.]J     J 

T on.^n       (   38-96       f 


[NiS, 9-12^ 


FeS 83-49 

Iron 39-70    |  ^^l^^     ' 

Oxygen  (calculated)  -28 

Water _ -10 

Insoluble _ 5*76 


|-Fe,0^ 1-02 


Total 99-49,^ 

Doubtless  some  of  the  rock-forming  minerals,  such  as  chlor- 
ite, dissolved  in  the  acids  used  for  solution,  but  the  silica  of 
such  would  be  contained  in  the  insoluble  proportion.  The 
small  portion  of  bases  belonging  to  these  minerals  was  not 
estimated. 

A  common  view  with  regard  to  the  structure  of  many  of  the 
Sudbury  iron-nickel  sulphides,  is  that  they  are  best  explained 
as  pyrite  or  pyrrhotite  containing  millerite  in  a  finely  dissemin- 
ated form.  This  would  be  hard  to  hold  in  the  present  case, 
for  even  if  we  were  to  consider  the  whole  of  the  iron  as  occur- 
ring in  the  form  of  pyrite  (FeS,),  (though  we  are  certain  that 
some  of  the  iron  is  present  as  magnetite),  the  39-70  per  cent 
of  iron  would  require  45*36  percent  of  sulphur,  leaving  3-95 
per  cent  sulphur  to  combine  with  the  4-34  per  cent  of  nickel. 
This  quantity  of  nickel  in  the  state  of  millerite  would  require 
only  2-39  per  cent  sulphur,  while  in  the  state  of  the  theo- 
retical di-sulphide  (NiSJ  it  would  require  4-78  per  cent  sul- 
phur, which  is  a  quantity  not  very  different  from  that  remain- 
ing to  unite  with  the  nickel,  even  after  all  the  iron  has  been 
ijalculated  as  pyrite.  By  allowing  -78  per  cent  of  the  iron  to 
be  present  in  the  form  of  magnetite,  the  agreement  between 
the  theory  and  the  analyses  is  complete. 
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Professor  Penfield  in  referring  to  Dr.  Emmens'  new  min- 
eral species  blneite,  in  this  Journal  for  June,  1893,  says : 

"  Although  it  must  be  admitted  that  nickel  is  a  rare  con- 
stituent of  pyrite,  yet  nickeliferous  pyrites  are  known,  and  at 
Sudbury  in  particular  where  iron  and  nickel  are  so  abundant 
we  might  expect  to  find  a  mutual  replacement  of  these  ele- 
ments." 

The  notes  here  submitted  show  that  nickeliferous  pyrite  is 
found  at  Sudbury.  In  a  similar  way  the  many  other  iron- 
nickel  sulphides  may  be  explained  as  minerals,  in  which  the 
isomorphous  elements  iron  and  nickel  replace  each  other  in 
varying  proportions.  Doubtless  this  nickeliferous  pyrite  is  a 
purer  form  of  the  minerals  described  as  whartonite  and  blneite 
by  Dr.  Emmens. 

Laboratory  of  the  School  of  Mining, 
Kingston,  Ont,  February,  1894. 


SCIENTIFIC     INTELLIGENCE. 

I.    Chemistry  and  Pgysics. 

1.  On  the  Electric  Conductivity  of  Flames.  —  Experiments 
have  been  made  by  de  Hemptixxk  to  determine  the  electric  con- 
ductivity of  flames  and  of  gaseous  mixtures  at  the  moment  of 
union  or  of  dissociation.  The  apparatus  used  consisted  of  two 
electrodes  of  platinum,  one  connected  with  a  voltaic  cell  and  the 
other  with  a  capillary  electrometer,  so  arranged  that  whenever  a 
conducting  substance  was  brought  between  them,  the  mercury  in 
the  electrometer  became  of  lower  potential  and  moved  upward 
in  the  capillary  tube.  When  these  electrodes  were  placed  in  a 
mixture  of  nitrogen  dioxide  and  oxygen  gases  in  the  act  of  com- 
bining, no  effect  was  perceptible  even  when  the  electromotive 
force  employed  was  100  volts.  The  result  was  equally  negative 
when  hydrogen  bromide  and  chlorine,  and  hydrogen  chloride 
and  ammonia,  were  employed.  If  the  electrodes  be  placed  in 
the  same  relative  portion  of  a  Bunsen  flame  however  where  the 
combustible  gaa  contains  variable  quantities  of  an  indifferent  gas, 
the  hydrogen  flame  and  the  carbon  monoxide  flame  are  found  to 
conduct  well,  the  conductivity  increasing  with  the  temperature. 
The  experiments  on  the  conductivity  of  explosive  mixtures  at 
the  moment  of  explosion,  showed  that  in  the  case  of  oxygen- 
hydrogen  and  chlorine-hydrogen  mixtures,  there  is  decided  con- 
ductivity ;  while  in  the  case  of  oxygen-carbon  monoxide,  it  exists 
though  in  a  much  less  degree.  Moreover,  although  hydrogen 
chloride  and  ammonia  show  no  conductivity  when  uniting,  at 
ordinary  temperatures,  dissociating  ammonium  chloride  oonaacts 
fairly  well ;  as  also  does  ammonium  bromide.     Vapor  of   amy- 
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lene  bromide  however  though  dissociated,  does  not  conduct. 
Nitrogen  dioxide  is  not  a  conductor. — Zeitschr,  physikal,  Chem., 
xii,  244,  August,  1893.  G.  f.  b. 

2.  On  the  Electrolysis  of  Steam. — The  action  of  electric  sparks 
on  steam  has  been  made  the  subject  of  investigation  by  J.  J. 
Thomson.  The  steam  was  passed  through  the  middle  limb  of  a 
T  tube,  its  closed  side  limbs  being  provided  with  delivery  tubes 
and  also  with  gold  or  platinum  electrodes  between  which  sparks 
might  be  passed  through  the  steam.  By  means  of  the  delivery 
tubes  the  gases  were  conducted  into  two  eudiometers,  in  whicb 
the  gaseous  mixture  which  had  been  formed  by  the  action  of  the 
sparks  upon  the  steam,  could  be  exploded.  It  was  noticed  that 
when  the  sparks  were  from  1*5  to  4"™  long,  the  volumes  of  the 
excess  of  hydrogen  in  the  one  tube  and  of  oxygen  in  the  other, 
remaining  after  the  explosion  of  the  mixed  gases,  were,  within 
the  limit  of  error  of  the  experiment,  equal  respectively  to  the 
volumes  of  the  oxygen  and  hydrogen  liberated  in  a  water  vol- 
tameter placed  in  series  with  the  steam  tube;  and  further  that 
the  excess  of  hydrogen  appeared  in  the  tube  which  was  in  connec- 
tion with  the  positive  electrode,  and  the  excess  of  oxygen  in 
that  which  was  connected  with  the  negative  electrode.  If  the 
spark-length  be  greater  than  4™™,  the  first  of  the  preceding  results 
ceases  to  hold;  and  when  it  reaches  il"^™  or  over,  the  excess  of 
hydrogen  instead  of  appearing  at  the  positive  electrode  changes 
over  to  the  negative ;  the  excess  of  oxygen  at  the  same  time  go- 
ing over  to  the  positive.  Reversal  again  takes  place  when  the 
length  of  the  sparks  is  increased  to  22"^™.  The  author  has  further 
observed  that  on  passing  the  arc  discharge  through  hydrogen 
and  oxygen  respectively,  the  hydrogen  acts  as  if  it  had  a  nega- 
tive charge  and  the  oxygen  as  if  it  had  a  positive  one. — Proc. 
JRoy.  Soc,  liii,  90;  J,  Chem.  Soc,  Ixiv,  ii,  515,  November,  1893. 

G.  F.  B. 

3.  On  the  Temperature  of  Ignition  of  Gaseous  Explosive  Mix- 
tures.— An  investigation  has  been  recently  made  by  V.  Meyer 
and  Munch  to  determine  the  precise  point  of  temperature  at 
which  the  explosion  or  silent  combination  of  gaseous  mixtures 
occurs.  The  mixture  to  be  exploded  is  contained  in  a  small  bulb, 
placed  inside  the  larger  bulb  of  an  air  thermometer  which  was 
made  use  of  to  determine  the  temperature,  this  larger  bulb  being 
placed  in  a  bath  of  a  fused  alloy  of  lead  and  tin.  The  tempera- 
ture was  determined  by  displacing  the  air  of  the  thermometer, 
its  volume  being  known,  by  hydrogen  chloride  gas,  and  measur- 
ing this  volume  over  distilled  water.  As  the  result  of  several 
series  of  experiments  made  with  four  distinct  sets  of  apparatus, 
the  temperature  of  explosion  of  electrolytic  hydrogen  and  oxygen 
was  found  to  vary  from  612°  to  686";  confirming  the  theoretical 
conclusion  of  Van't  Hoff  that  this  mixture  does  not  possess  a 
sharply  defined  explosion- point.  It  makes  no  difference  appar- 
ently whether  the  gases  are  moist  or  dry ;  for  if  dry,  silent  com- 
bination appears  to  take  place  to  a  small  extent,  thus  rendering 
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them  moist  before  explosion  occurs.  Sharp  solid  fragments,  sach 
as  glass  or  sea  sand  were  foand  to  be  without  effect.  Bat  frag- 
ments of  platinum  foil  or  wire  made  it  impossible  to  bring  about 
an  explosion  even  at  715°,  silent  union  always  taking  place. 
Carbon  monoxide  and  oxygen,  in  suitable  proportion  to  form  car- 
bon dioxide  united  silently  in  the  apparatus,  for  the  most  part ; 
the  temperatures,  when  explosion  did  occur,  varying  from  636° 
to  814®.  Mixtures  of  oxygen  with  gaseous  hydrocarbons,  except- 
ing perhaps  marsh  gas,  afforded  the  most  trustworthy  explosion- 
temperatures,  since  there  was  practically  no  silent  combination. 
Marsh  gas  and  oxygen  explode  as  a  rule,  at  temperatures  varying 
from  656^  to  678°  ;  though  sometimes  silent  and  complete  combi- 
nation took  place.  £ihane  and  oxygen  detonated  at  622%  605° 
and  622°  respectively;  ethylene  and  oxygen  at  577%  690°  and 
577°  in  three  consecutive  experiments.  Acetylene  with  oxygen 
explodes  with  remarkable  violence,  at  510%  515°  and  509°.  Pro- 
pane with  five  volumes  of  oxygen,  gave  548°,  545°  and  548*  as 
the  explosion-temperature  in  three  experiments.  Propylene, 
with  four  and  a  half  volumes  of  oxygen  exploded  at  497%  5tl° 
and  499°.  Isobutane,  with  six  and  a  half  volumes  of  oxygen  de- 
tonated at  549°,  550°  and  545°  ;  and  isobutylene  at  546%  548° 
and  537°.  Finally  coal  gas  mixed  with  three  volumes  of  oxygen, 
was  found  in  three  remarkably  concordant  experiments,  to  ex- 
plode at  649°,  647®  and  647°.  A  mixture  of  coal  gas  with  air 
could  not  be  exploded  however  under  these  conditions  of  experi- 
ment. It  will  be  noticed  that  the  temperature  of  explosion  falls 
as  the  content  of  carbon  increases;  the  mean  temperatures,  for 
example,  for  methane,  ethane  and  propane  being  667°,  616°  and 
547°  respectively.  Moreover  the  temperature  falls  also  with  the 
degree  of  saturation,  the  less  saturated  the  hydrocarbons,  the 
more  readily  do  they  ignite  in  contact  with  oxygen ;  ethane, 
ethylene  and  acetylene  exploding  at  516°,  580°  and  511°;  pro- 
pane and  propylene  at  547°  and  504°  ;  and  isobutane  and  isobu- 
tylene at  548°  and  543^.  As  might  be  expected,  these  differences 
arising  from  greater  or  less  saturation  diminish  as  the  series  is 
ascended. — Ber,  Berl.  Chem.  Ges.,  xxvi,  2421,  November,  1893. 

G.  F.  B. 

4.  071  the  Composition  of  Water  bi/  Volume. — By  means  of 
improved  apparatus,  Scott  has  continued  his  investigation  of  the 
proportion  by  volume  in  which  hydrogen  and  oxygen  unite.  The 
measurements  were  all  made  at  constant  volume,  the  pressure 
only  being  varied.  And  as  vaselin  was  found  to  introduce 
traces  of  the  oxides  of  carbon  into  the  gases,  syrupy  phosphoric 
acid  was  used  lor  lubrication.  The  oxygen  was  prepared  from 
silver  oxide  and  the  hydrogen  from  sodium  and  steam.  In  cer- 
tain experiments  the  hydrogen  was  further  purified  by  absorption 
in  palladium.  In  five  series  of  53  experiments  the  mean  ratio  of 
hydrogen  to  oxygen  was  found  to  be  2*002435 ±0*00006,  the  im- 
purity being  supposed  in  both  gases  equally;  or  2*002431  ± 
0*00006,  the  impurity  suj>posed  in  hydrogen  alone.     Rejecting  six 
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of  the  experiments  the  value  obtained  would  be  2*002466  ± 
0 '000003,  the  impurity  making  no  difference  whether  assumed  to 
be  all  in  the  hydrogen  or  equally  distributed  between  the  two 
gases.  The  most  probable  value  is  2*00245  ;  which  combined 
with  Rayleigh's  value  15*882  for  the  ratio  of  the  densities  of  the 
gases,  gives  15*862  for  the  atomic  mass  of  oxygen,  hydrogen  be- 
ing 1  ;  or  1*0078  for  the  atomic  mass  of  hydrogen,  oxygen  being 
taken  as  16. — Proc,  Roy.  Soc,  liii,  130;  J[  Chem,  Soc,  Ixiv,  ii, 
575,  November,  1893.  g.  f.  b. 

5.   On  the  Production  of  Hyponitrous  acid. — The  results  of 
the  reduction  of  sodium  nitrite  in  alkaline  solution  have  been 
studied  by  Thum.     He  finds  that  the  first  product  of  this  reac- 
tion is  the  sodium  derivative  of  a  dihydroxylamine,  two  molecules 
of  which  subsequently  condense  to  form  sodium  hyponitrite : 

Na.  +  (H,0),  +  NaNO,  =  NaN(OH),+  (Na(OH)), 
and  (NaN(OH),),  =  Na,N,0,  +  (H,0), 

This  second  reaction  seems  to  be  favored  by  an  excess  of  alkali, 
for  if  this  be  neutralized  by  a  current  of  carbon  dioxide,  no  hypo- 
nitrite  is  formed.  The  nitrogen  which  is  set  free  during  the 
reaction  is  not  due  to  the  reduction  of  hydroxylamine,  as  usually 
supposed,  for  this  substance  is  scarcely  attacked  by  sodium  amal- 
gam ;  it  results  probably  from  a  reaction  between  the  dihydroxyla- 
mine and  hydroxylamine  NH,OH  +  NH(OH),  =  N,  -h  (H.O),. 
For  the  preparation  of  hyponitrites,  ferrous  hydroxide  has  no  ad- 
vantage over  sodium  amalgam.  Hyponitrous  acid  may  also  be 
formed  by  the  action  of  nitrous  acid  on  hydroxylamine.  When 
equivalent  solutions  of  hydroxylamine  hydrochloride  or  sulphate 
and  of  sodium  nitrite  are  mixed,  allowed  to  stand  until  the  violent 
evolution  of  nitrous  oxide  has  ceased  and  then  treated  with  silver 
nitrate,  silver  hyponitrite  is  formed  in  amount  equal  to  about  2 
per  cent  of  the  theoretical  yield.  In  alkaline  solution,  however, 
no  hyponitrite  is  formed.  The  acid  itself  may  be  isolated  by 
acting  on  the  silver  salt  with  the  theoretical  amount  of  hydrogen 
chloride.  A  colorless  and  strongly  acid  solution  results  which  is 
stable  towards  dilute  acids  and  alkalies  even  on  boiling.  On 
titration  with  potassium  hydroxide,  in  presence  of  phenophthalein 
or  litmus,  the  solution  remains  acid  until  the  acid  salt  is  formed 
and  then  becomes  alkaline.  The  acid  does  not  affect  methyl - 
orange  and  does  not  expel  carbon  dioxide  from  the  alkali-carbo- 
nates. In  acid  solution  it  is  converted  by  potassium  permanga- 
nate quantitatively  into  nitric  acid  ;  while  in  alkaline  solution 
nitrous  acid  is  formed.  Pure  solutions  of  hyponitrous  acid  do  not 
decolorize  solutions  of  iodine  and  they  prevent  the  formation  of 
iodide  of  starch.  Moreover,  thev  do  not  liberate  iodine  from  acid 
solutions  of  potassium  iodide.  The  acid,  in  both  acid  and  alkaline 
solutions,  is  very  stable  towards  reducing  agents.  The  acid 
hyponitrites  of  the  alkalies  give  precipitates  with  many  metallic 
salts. — Monatsh.^  xiv,  294  ;  J.  Chent.  Soc,  Ixvi,  ii,  13,  January, 
1894.  G.   F.   B. 
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6.  Potassium  and  Sodium  Carbonyh, — For  some  years  Joa.n- 
Nis  has  been  investigating  the  peculiar  compounds  potassammoni- 
um  and  sodammonium  formed  by  potassium  and  sodium  respec- 
tively with  ammonia.  Ho  has  now  studied  the  reaction  which 
takes  place  between  these  substances  and  carbon  monoxide. 
When  dry  carbon  monoxide  is  caused  to  bubble  through  a  solu- 
tion of  potassammonium  in  liqueHed  ammonia,  the  containing  vessel 
being  cooled  to  —50°,  the  deep  blue  color  gradually  decreases  in 
intensity  and  is  eventually  replaced  by  a  pale  pink  tint,  indicating 
the  end  of  the  reaction.  On  removing  the  liquid  from  the  C(K)ling 
mixture,  the  ammonia  gradually  evaporates,  leaving  a  rose-col- 
ored powder  which  analysis  shows  to  be  pure  potassium  carbonyl 
KCO.  It  darkens  when  left  undisturbed  for  some  time  in  a  sealed 
tube.  It  cannot  be  heated  to  the  temperature  of  boiling  water, 
explosion  taking  place  below  this  point.  It  likewise  detonates  if 
the  merest  trace  of  air  is  admitted,  and  also  when  touched  with  a 
drop  of  water.  If,  however,  a  drop  of  water  be  admitted  into  an 
exhausted  tube  so  as  not  to  come  in  direct  contact  with  the 
potassium  carbonyl,  the  vapor  acts  upon  it  and  produces  a  yellow 
viscous  liquid.  If  sodammonium  be  similarly  treated,  sodium 
carbonyl  NaCO  is  formed.  It  is  a  pale  lilac  colored  substance 
and  is  also  powerfully  explosive,  even  by  small  quantities  of  air 
or  water.  When  exploded  by  percussion  the  reaction  was  found 
to  be  (NaCO),  =  ^^S^O,  +  iS'a^O  +  C. .  Ab90°  the  explosion  is 
so  violent  that  no  glass  can  withstand  it. —  C,  R.  cxvi,  1518, 1893. 

G.  P.  B. 

IT.     Geology  and  Mineralogy. 

1.  International  Congress  of  Geologists, — The  sessions  of  the 
6th  International  Congress  of  Geologists  will  be  held  at  Zurich, 
Switzerland,  from  the  29th  of  August  to  the  2nd  of  September. 
As  many  geologists  may  not  have  received  the  descriptive  circu- 
lars, the  following  briel  summary  of  the  announcement  is  made 
for  their  benefit. 

Besides  the  general  meeting  there  will  be  meetings  of  sections, 
at  the  same  time,  for  the  following  general  subjects: 

Section    1.     General  and  Structural  Geology. 
"         2.     Stratigraphy  and  Paleontology. 
"         3.     Mineralogy  and  Petrography. 

Any  person  may  become  a  member  of  the  Congress  by  sending, 
by  postal  order,  a  fee  of  25  francs  =  $5.00  to  the  Treasurer,  M. 
Casp.     Escher-Hess,  Bahnhofstrasse,  Zttrich. 

A  large  number  of  excursions  have  been  planned  for  the  weeks 
immediately  preceding  and  following  the  Zttrich  meetings.  The 
latter  are  so  arranged  as  to  concentrate  at  Lugano  for  the  closing 
session  of  the  Congress  on  the  I6th  of  September.  They  are  of 
two  kinds.  Pedestrian  excursions  for  geologists  alone,  and  Round 
trips  by  rail,  steamer  and  carriage,  in  which  ladies  may  take  part 
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and  which  are  in  charge  of  the  firm  of  Ruffieux  &  Ruchonnet, 
Lausanne. 

There  are  offered  to  the  choice  of  members  of  the  Congress  5 
pedestrian  excursions  in  the  Jura  for  the  week  preceding  the  Con- 
gress, costing  50  to  60  francs  each,  and  four  after  the  Zurich 
meeting,  of  8  to  13  days  each,  costing  150  to  250  francs  each. 

The  round  trip  excursions  under  the  guidance  of  M.M.  Kene- 
vier  and  Golliez  are  two  in  number  :  1.  In  the  Jura  before  the 
Ztlrich  meeting  lasting  13  days  and  costing  300  francs  :  2.  After 
the  Ztlrich  meeting,  in  the  Alps,  lasting  13  days  and  costing  400 
francs.  Some  supplementary  excursions  are  also  planned.  A 
geological  guide  book,  giving  details  of  all  the  excursions  is  in 
preparation,  and  will  be  issued  before  the  meeting  of  the  Con- 
gress to  those  who  remit  to  the  Treasurer  its  cost,  viz :  10  francs. 

Geologists  who  wish  to  attend  the  Congress  can  send  their 
names  and  addresses  to  S.  F.  Emmons,  Sec'y,  1330  F  St.,  Wash- 
ington, who  will  undertake  to  forward  them  to  Switzerland  so 
that  descriptive  circulars  and  accompanying  blanks  may  be  sent 
them,  or  they  can  send  their  fee  (including  the  cost  of  guide-book 
if  they  desire  it)  to  the  Treasurer,  who  will  thereupon  forward 
the  circulars  to  them,  and  they  may  thus  be  able  to  designate 
what  excursions,  if  any,  they  desire  to  take  part  in. 

2.  Geological  Survey  of  the  State  of  New  Yovk^  Palaeontology : 
Volume  VIII.  An  Introduction  to  the  study  of  the  genera  of 
Palaeozoic  Brachiopoda  ;  by  James  Hall,  assisted  by  John  M. 
Ci^ABKE.  Part  II.  Fascicle  I,  July,  1893.  Fascicle  II,  De- 
cember, 1893. — The  delay  in  the  publication  of  this  volume  has 
made  it  desirable  for  the  authors  to  issue  a  limited  edition  in  fas- 
cicles, which  together  with  the  plates  will  make  the  completed  vol- 
ume. The  first  treats  of  the  genera  of  palaeozoic  spire-bearing 
brachiopods,  and  the  second  of  the  rhynchonelloids,  pentameroids, 
and  loop-bearing  forms.  The  limitations  of  old  genera  are  now 
clearly  defined  and  many  new  generic  terms  are  proposed.  A 
review  of  the  entire  volume,  when  complete,  will  be  given. 

\j»   xC.  B. 

3.  Alabama  Geological  Survey :  Report  on  the  Coal  Measures 
of  Blount  Mountain^  with  map,  and  sections,  by  A.  M.  Gibson, 
Assistant  Geologist.     80  pp.  Montgomery,  1893. 

This  is  a  coal  field  in  North-central  Alabama,  not  now  worked, 
of  about  one  hundred  and  fifty  square  miles,  lying  between  the 
already  described  and  worked  Warrior  (northwest)  and  Cahaba 
(southeast)  Coal  fields  of  Alabama,  of  which  the  author  gives  a 
detailed  description. 

4.  Geological  Survey  of  Texas ^  Jfth  Annual  Report  for  1892. 
E.  T.  DuMBLK,  State  Geologist. — The  parts  10  and  1 1  and  the 
Report  of  the  state  geologist  have  appeared,  thus  completing  the 
fourth  volume  (see  this  Journal,  vol.  xlvi,  p.  307,  and  xlvii,  p. 
160).  Part  10  contains  a  preliminary  list  of  the  land,  fresh  water 
and  Marine  Mollusca  of  Texas,  pp.  299-343 ;  and  a  chapter  on 
Texas  birds^  pp.  345-375  by  J.  A.  Singley.     Part  11,  is  a  second 
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paper  on  Carboniferous  Cephalopoda^  by  Alphbus  Hyatt,  pp. 
377-474,  in  which  a  number  of  new  genera  and  species  are  figured 
and  described. 

5.  Outline  of  the  Geology  and  Physical  Features  of  Maryland^ 
with  a  new  geological  map  of  the  State  and  16  plates;  by  6.  H. 
Williams  and  W.  B.  Clark.  4°,  67  pp.  Johns  Hopkins  Univer- 
sity Press,  Baltimore,  1893  ;  price  $1.00 — This  book  is  a  reprint 
of  the  chapters  relating  to  Physical  Geography  and  Gteology  from 
the  large  work  on  Maryland  and  its  resources,  prepared  by  mem- 
bers of  the  Johns  Hopkins  University  faculty  for  the  Colambian 
Exposition.  Its  first  part  deals  with  topography  and  climate, 
and  is  illustrated  by  many  tables  and  five  colored  charts  which 
show  the  distribution  of  tem}terature  and  precipitation  in  each 
season  and  throughout  the  year.  The  second  part  is  descrip- 
tive of  the  geology  in  each  of  the  three  great  provinces  of 
Maryland — Coastal  Plain,  Piedmont  Plateau  and  Mountains — and 
is  followed  by  an  historical  review  of  the  sequence  of  events  hy 
which  the  remarkably  complete  series  of  geological  formations 
occurring  within  the  State  has  been  deposited  and  brougbt  into  its 
present  position.  This  part  is  embellished  by  ten  full-page  plates 
which  exhibit  the  various  types  of  topography,  and  by  a  new 
geological  map  in  colors  on  a  scale  of  eight  miles  to  the  inch. 
This  map  also  gives  the  distribution  of  soils  by  Prof.  Milton 
Whitney.  G.  h.  w. 

6.  Lehrbuch  der  Petrographie  von  Dr.  Ferdinand  Zirkel, 
Ord.  Professor  der  Mineralogie  und  Geognosie  an  der  Univer- 
sitiit,  Leipzig.  Zweite,  ganzlich  neu  verfasste  aufiage.  Z welter 
Band.  941  pp.  8vo.  Leipsic,  1894.  (Verlag  von  Wilhelm  En- 
gelmann.)  —The  first  volume  of  Prof.  Zirkel's  excellent  Lehrbuch 
was  noticed  in  the  last  volume  of  this  Journal.  This  second 
volume,  which  extends  to  941  pages,  treats,  under  the  bead  of 
Special  Petrography,  of  part  of  the  massive  crystalline  rocks,  and 
includes  those  containing  alkali-feldspar  and  quartz;  alkali-feld- 
spar without  quartz,  nephelite  or  leucite ;  alkali-feldspar  without 
quartz,  but  with  nephelite  or  leucite  ;  and  those  of  lime-soda  feld- 
spar without  nephelite  or  leucite.  The  subject  will  be  continued 
in  the  third  volume. 

7.  Geological  Survey  of  Portugal:  Description  de  la  Fauna 
Jurassique  du  Portugal.  (Jlasse  des  C^phalopodes^  by  Paul  Chof- 
fat.  1st  series :  Ammonites  du  Lusitanien  de  la  contr<3e  de  Torres- 
Vedras.  pp.  82,  20  quarto  plates,  Lisbonne,  1893.— This  memoir 
contains  descriptions  of  species  of  Cardioceras,  Phylloceras,  Lyto- 
ceras,  Ilarpoceras,  Ochetoceras,  Oppelia,  Noumayria,  Olcoste- 
phanus,  Perisphinctes,  Aspidoceras,  reltoceras,  Simoceras,  Hop- 
lites. 

8.  Untersuchunqen  iXber  Fossile  Ilolzer  Schwedens  /  by  H.  Con- 
wp:ntz.  pp.  00,  11  quarto  plates.  K.  Schwedischen  Acad.  Wis- 
senschaften,  Ser.  C,  No.  120,  Stockholm,  1892,  contains  descrip- 
tions of  fossil  plants  from  the  Halma  sandstones,  from  the  drift  of 
Sweden,  and  comparisons  of  the  latter  with  the  former,  the  authors 
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reaching  the  conclusion  that  North  German,  Danish  and  Swedish 
fossil  drift-wood  has  not  been  derived  from  the  Halma-Sandstone 
(Cretaceous)  in  S.  Sweden  but  that  the  great  majority  of  it  has 
had  its;  origin  in  Tertiary  deposits  at  no  great  distance ; 

9.  Stipedish  lower  Paleozoic  Hyolithes  and  Conularice,  Sveriges 
jSjamhrisk-Siluriska  HyolithidcB  och  ConulariedcB^  af  Gbbhard 
Holm,  from  the  afbandlingar  of  the  Sveriges  geologiska  under- 
sdkuing,  Ser.  C,  No  112,  pp.  1-172  and  6  quarto  plates.  Stock- 
holm^  1892. — Gerhard  Holm  has  given,  in  this  monograph  on  the 
interesting  and  little  known  extinct  organisms  of  Sweden  an 
exhaustive  list  of  the  known  species  classified  and  tabulated  ac- 
cording to  their  range,  distribution  and  supposed  genetic  affini- 
ties. 41  new  species  of  the  Hyolithiidae,  10  new  Conulariidse  and 
one  new  species  of  the  TorellellidaB  are  described.  An  English 
summary,  of  characters  and  classification  is  given  at  the  close  of 
the  volume. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  British  Association  for  the  Advancement  of  Science. — The 
sixty-fourth  meeting  of  the  British  Association  will  be  held  in 
Oxford,  under  the  Presidency  of  the  Marquis  of  Salisbury,  Chan- 
cellor of  the  University,  in  the  week  beginning  August  8th,  1894. 
,2.  A  History  of  Mathematics  ;  by  Flouian  Cajori. — Macrail- 
Ij^n  and  Co.,  New  York,  1894.  8°,  pp.  xiv,  422.— The  first  third  of 
Professor  Cajori's  book  is  devoted  to  the  history  of  methematics 
among  the  Babylonians,  Egyptians,  Greeks  (including  the  Alex- 
andrian schools),  Romans,  Hindoos,  Arabs,  and  Europe  during 
the  Middle  Ages.  The  second  third  traces  the  development  of 
thjB  science  from  the  beginning  of  the  sixteenth  to  the  early  part 
of  the  nineteenth  century.  The  recent  developments  of  the  sci- 
ence are  then  treated  in  several  lines.  Synthetic  Geometry, 
Analytic  Geometry,  Algebra,  Analysis,  Theory  of  Functions, 
Theory  of  Numbers,  and  Applied  Mathematics.  The  volume 
has  an  exceedingly  convenient  index  filling  seventeen  pages. 

No  science  can  be  thoroughly  comprehended  until  its  history 
has  been  learned.  Professor  Cajori  has  given  the  history  of 
Mathematics  in  an  interesting  form,  and  teachers  and  students 
of  the  science  have  reason  to  thank  him  for  it.  h.  a.  n.    , 

3.  TTie  Ejected  Blocks  of  Monte  Sommay — Part  I,  Stratified 
Limestones ;  by  H.  J.  Johnston-Lavis. — The  following  extract 
from  the. artiqle  of  above  title  in  the  Transactions  of  the  Edin- 
burgh Geological  Society  (vol.  vi,  1893,  pp.  347-350),  contains 
.the  interesting  conclusions  reached  by  the  author  from  study  of  a 
large  number  of  specimens : 

"  Such  are  the  specimens  of  stratified  limestones  which  are  to 
serve  as  clues  to  the  remarkable  series  of  reactions  that  have  con- 
vpr^d  cretaceous^  limestones  into  a  series  of  rocks  that,  by  thenx- 
selves,  one  would  hardly  dare  to  suppose  once  to  have  been 
llo^l)ing  niore.  than  an  impure  dolomitic    limestone.     I  4o   not 


322  Scientific  Intdkgence, 

« 

doubt  that  it  will  be  argaed  that  changes  that  occar  in  such 
small  specimens  should  not  be  used  as  a  guide  to  what  occurs 
in  large  masses.  To  this  it  may  be  answered  that  the  greater 
number  of  chemical  phenomena  that  occur  in  the  mineral  world 
can  be  studied  on  the  smallest  scale  in  the  laboratory.  But 
beyond  this  these  very  same  metamorphic  changes  may  be  traced 
on  a  much  grander  scale  amongst  the  ejected  blocks  of  Monte 
Somma,  and  I  propose  to  confirm  and  extend  these  few  notes  in 
another  paper  on  the  massive  limestones  and  their  derivatives. 

*' Further,  when  we  extend  our  investigations  to  the  contact 
phenomena  of  such  a  region  as  the  Tyrol,  which  are  probably  of 
less  impoitance  than  what  is  really  going  on  beneath  Vesuvius, 
and  from  thence  pass  to  areas  of  regional  metamorphism,  we  are 
struck  by  the  great  similarity  in  the  changes  that  have  taken 
place.  It  must,  however,  be  borne  in  mind  that  three  important 
factors  enter  into  the  question,  namely,  the  composition  of  the 
rock  to  be  acted  upon,  that  of  the  magma  acting,  and  the  time, 
circulation,  and  quantity  of  the  latter.  And  equally  imperative 
is  it  to  remember  that  such  rocks  which  reach  the  surface  by 
denudation  of  the  overlying  materials  have  been  exposed  to  so 
many  fresh  changes  as  sometimes  to  be  no  longer  recognizable. 

'^  The  changes  that  take  place  in  an  impure  limestone  seem  to 
be,  in  the  first  place,  the  carbonization  of  the  bituminous  contents 
with  the  conversion  of  them  into  graphite.  Almost  coincidentally 
re-crystallization  seems  to  have  taken  place,  for  what  was  an  ex- 
tremely fine-grained  rock  begins  to  approach  the  saccharoidal 
structure.  This  re-arrangement  or  re-crystallization  seems  to 
have  occurred  without  the  rock  having  become  fused,  or  even 
pasty,  since  the  most  delicate  stratification,  banding,  faulting, 
and  contortion  structure  is  preserved.  At  this  stage  a  few  grains 
of  peridote  begin  to  make  their  appearance,  chiefly  as  inclusions 
within  the  calcite  crystals.  The  next  process  is  the  destruction 
of  the  graphite,  and  in  some  cases  its  apparent  replacement  by 
peridote,  as  in  specimen  No.  200.  In  the  early  stages  of  carbon- 
ization the  graphite  exists  between  the  grains,  but  later  jjets 
enclosed  within  them,  as  if  they  had  undergone  fusion.  With 
the  disappearance  of  the  graphite,  what  remains  is  a  more  or  less 
coarse-grained,  dazzling  white  marble.  This  saccharoidal  marble, 
containing  more  or  less  white  peridote,  passes  somewhat  abruptly 
into  a  mass  of  peridote  and  white  pyroxene,  woUastonite,  or  bio- 
tite.  Why,  sometimes  it  is  one  or  sometimes  another  mineral 
that  borders  on  the  white  marble,  I  feel  inclined  to  attribute  to 
the  impurities  in  the  original  limestone  in  the  absence  of  alumina, 
with  a  supply,  though  limited,  of  silica,  with  much  lime  and  mag- 
nesia, so  that  either  fosterite  or  monticellite  may  result,  and,  if 
much  iron,  even  true  olivine  may  separate  out.  If  only  silica  and 
lime  are  present,  then  we  must  look  for  woUastonite.  Likewise, 
the  presence  of  fluorine  may  determine  the  crystallization  of 
humite  instead  of  peridote.  In  the  same  way  we  understand 
how  the  other  minerals  may  separate.     Now,  in  a  stratified  lime- 
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stone,  some  bands  will  be  more  argillaceous,  siliceous,  ferriferous, 
or  magnesian,  or  two  or  more  of  these  impurities  may  abound,  so 
that  in  a  stratified  rock  of  this  kind,  the  minerals  developed  in 
one  band  will  differ  from  those  in  another,  as  is  so  strikingly 
shown  in  specimen  No.  41. 

"This  metamorphism  is  selective  only  in  the  early  stages,  for 
(as  in  36,  64,  and  40)  we  have  the  silicate  bands  encroaching 
upon  the  intervening  marble  strata ;  whilst  in  44,  the  well  strati- 
fied portion,  toward  the  metamorphosing  focus,  is  fused  (?)  up 
into  a  fairly  homogeneous  mass  of  coarser  grains  and  larger  crys- 
tals of  the  same  minerals  as  in  the  undisturbed  part,  together 
with  the  addition  of  others.  Yet  that  the  composition  of  the 
bands  has  a  strong  determining  influence  on  the  results  is  well 
illustrated  in  No.  51. 

"  The  order  in  which  the  new  niinerals  seem  to  develop  is  the 
following : 

(1)  Peridote,  Periclase,  Humite. 

(2)  Spinel,  Mica,  Fluorite,  Galena,  Pyrites,  Wollastonite. 

(3)  Garnet,  Idocrase,  Nepheline,  Sodalite,  Feldspar. 

(4)  Calcite  (secondary). 

"Although  in  some  cases  there  is  an  approach  to  the  order  of 
niineral  species  found  in  the  druse  wails  described  by  Mierisch 
(loc.  cit,  p.  121),  yet  these  are  exceptional,  and  open  up  for  our 
investigation  a  far  wider  field  of  facts. 

"  It  is  evident  that  any  researches  as  to  the  purely  chemical 
changes  that  take  place  in  the  process  of  metamorphism  would 
1)6  useless  in  stratified  limestones  unless  it  were  possible  to  know 
the  composition  of  each  band.  It  will  therefore  be  better  to  con- 
sider these  questions  where  treating  of  the  massive  limestones 
and  their  derivatives. 

"Then  also,  it  is  necessary  to  study  the  changes  that  have 
taken  place  in  the  minerals  originally  replacing  the  limestone. 
We  have  distinct  evidence  of  the  conversion  of  periclase  into 
brucite,  and  of  peridote  to  a  whitish  fibrous  mineral  or  pilite  (?) 
The  biotite,  npphelene,  feldspar  (?)  and  peridote  may  be  crowded 
with  microliths,  which  there  is  good  reason  to  believe  consist  of 
pyroxene. 

"Another  point  of  interest  is  that  I  have  not  so  far  noticed  the 
])resence  of  periclase  in  any  rock  where  graphite  could  be  de- 
tected. This  might  well  be  explained  by  the  fact  that  so  long  as 
free  carbon  remained,  the  masjnesia  would  be  maintained  as  car- 
bonate, and  only  on  its  loss  of  the  CO^  could  it  take  up  the  SiO, 
to  form  fosterite,  or,  with  the  addition  of  lime,  monticellite ;  or 
should  silica  be  absent,  to  combine  with  any  alumina  and  to 
separate  as  spinel. 

"Specimen  51  indicates,  at  any  rate,  that  the  latter  result  is 
subsequent  to  the  former.  Certainly  200  is  curious,  as  showing 
an  apparont  displacement  of  the  carbon  grains  by  peridote, 
although  it  may  be  that  that  mineral  simply  occupies  the  spaces 
left  by  the  disappearing  carbon. 
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''  It  is  also  necessary  at  the  same  time  to  remember  the  chem- 
ical relationship  of  carbon  and  silicon.  Another  point  is,  that  in 
all  probability  the  first  minerals  produced  by  metamorphism  are 
elaborated  from  materials  contained  within  the  rocks  themselves ; 
but  eventually  other  constituents  are  added,  or  are  removed,  by 
the  circulation  of  water,  by  vapors,  or  by  diffusion  from  neigh- 
boring rock  masses  or  igneous  magma.  Cossa  found  that  he 
could  reproduce  periclase  by  heating  for  some  hours  magnesic 
sulphate  and  sodic  chloride,  and  obtained  still  larger  crystals  by 
adding  a  little  ferrous  sulphate.  This,  however,  is  hardly  likely 
to  be  the  process  of  formation  in  the  rocks  beneath  Vesuvius. 
Deville  reproduced  periclase  by  acting  on  magnesia  by  hydro- 
chloric acid  gas,  and  Daubr6e  by  the  action  of  magnesic  chloride 
on  lime.  There  is  good  reason  to  believe  that  it  was  by  one  or 
both  of  the  latter  processes  that  resulted  in  the  production  of 
periclase  in  the  magnesian  limestone,  especially  when  we  take 
into  consideration  the  great  abundance  of  hydrochloric  acid  and 
chlorides  contained  within  the  neighboring  incandescent  lava  of 
Vesuvius.  The  artificial  reproduction  of  fosterite  by  Ebelmen 
probably  is  a  near  imitation  of  what  occurred  in  its  natural  pro- 
duction. 

"In  fine,  we  see  a  definite  order  of  chemical  changes  occurring 
in  Jurassic  and  Cretaceous  limestone,  which  may  convert  that 
rock  into  a  granitic  mass  of  crystallized  basic  silicates  and  oxides, 
etc.,  which  may  in  their  turn  by  decomposition,  give  rise  to  a 
group  of  rocks  in  which  the  original  constituents  would  be  repre- 
sented by  serpentine  and  its  varieties,  Tremolite,  Brucite,  etc.,  an 
association  which  prevails  amongst  metamorphic  rocks  that  are 
exposed  at  the  surface  by  that  series  of  precarious  events  consti- 
tuting denudation. 

"  With  regard  to  the  removal  of  the  lime  in  these  metamor- 
phosed rocks,  Mierisch  {loc.  cit.  p.  187)  supposes  the  excess  to 
have  been  carried  off  as  chloride  by  fumarolic  action,  and  thinks 
that  the  small  quantity  deposited  around  f  umaroles  proof  of  such 
being  the  case.  Without  laying  stress  on  the  latter,  we  may 
admit  that  this  is  very  probable ;  may  it  not,  however,  be  that 
much  of  the  lime  is  retained  in  the  lava,  being  utilized  in  the  for- 
mation of  some  or  all  the  lime-bearing  crystal  components,  whilst 
the  HCl  would  volatilize,  as  we  know  it  does  do,  very  largely 
from  the  volcanic  vent. 

''  As  Mierisch  has  to  a  great  extent  exhausted  the  description 
of  the  drusy  limestones,  it  is  proposed  in  the  next  paper  to  treat 
of  the  massive  limestones,  their  alteration,  metamorphism,  and 
their  derivatives." 

The  average  elevation  of  the  United  States,  by  Henry  Gannett,  (extract  from  the 
13th  Ann.  Rept.  of  the  Director  of  the  U.  S.  Gool.  Survey,  1891-92.  pp.  282-289 
and  colored  Relief  Maps  of  the  United  States. 

The  Mechanics  of  Appalachian  Structure,  by  Bailbt  Willis.  (Extract  from  the 
13th  Annual  Report  of  the  Directors.  U.  S.  Geological  Survey  1891-92,  pp.  211- 
281  and  Plates  xlvi-xcvi.)    Washington,  1894. 
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Art.  XXXIII. — Observations  on  the  Derivation  and  Homolo- 
gies of  some  Articulates  ;  by  James  D.  Dana. 

The  term  Articulates  is  used  here  in  preference  to  Arthro- 
pods because  the  latter  group  is  believed  to  be  not  a  natural 
one,  Crustaceans  and  Insects  being  less  closely  related  to  one 
another,  as  indicated  beyond,  than  Annelids  and  Insects. 

Derivation  of  Limuloids  and  Criistaceans, — As  has  been 
suggested  by  Lankester,  it  is  probable  that  all  the  Articulates 
are  successional  to  the  Rotifers.  There  is  reason  for  believing 
further  that  the  types  of  Annelids,  Crustaceans,  and  probably 
that  of  Lhmdoids,  had  their  independent  Rotifer  origin. 

The  Nauplius,  or  larval  form  of  a  Crustacean,  shows,  by 
its  having  but  3  pairs  of  limbs  (2  besides  an  antennary  pair) 
that  the  type  is  not  successional  to  a  many-jointed  Annelid, 
but  rather  to  some  PedalionJike  Rotifer.  The  discoveries  of 
Prof.  C.  E.  Beecher  announced  in  the  preceding  and  earlier 
numbers  of  this  Journal  leave  no  doubt  that  the  Trilobites  are 
multiplicate  Isopod  Crustaceans,  precursors  of  the  normal 
Isopods,  as  the  true  Phyllopods,  also  multiplicate  species,  were 
precursors  of  the  Decapods.* 

*  In  the  Author's  Report  on  the  Crustacea  of  the  Wilkes  Exploring  Expedi- 
tion, the  Rotifers  are  made  the  lowest  subdivision  of  Crustacea  (p.  1408);  and 
the  Trilobites  are  placed,  with  a  query,  in  thie  subdivision  of  Tetradecapods  as 
multiplicate  forms  under  the  type.  In  the  text  above,  the  expression  true  Phyllo- 
pods is  used,  because  most  of  the  so-called  Phyllopods  of  the  Paleozoic  exhibit, 
in  the  specimens,  no  evidence  that  they  are  multiplicate,  that  is,  have  an  exces- 
sive or  abnormal  number  of  body -segments  or  appendages. 
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The  Eurypterids,  the  early  form  of  the  Limuloide,  are  re- 
lated to  Crustaceans  in  number  of  body-segments,  it  being  19, 
as  in  the  Tetradecapods ;  and  in  the  fact  that  13  of  these  19 
segments  pertain  to  the  thorax  and  abdomen.  But  the  wide 
distinction  exists  that  the  Eurypterids  have  no  thoracic  or 
abdominal  limbs,  and  the  only  true  feet  which  they  have  are 
also  at  base  mouth-organs,  that  is  organs  that  pertain  to  the 
head.  Moreover,  as  has  been  shown,  by  Packard  and  others 
for  the  Limulus,  they  do  not  pass  through  the  Nauplius  stage 
in  their  development.  These  diversities  and  agreements  ap- 
pear to  indicate  a  derivation  for  the  Limuloids  nearly  like 
that  of  the  Crustacean  type,  but  probably  not  from  Crustaceans. 
But  since  Limuloids  cannot  yet  be  proved  to  have  existed 
before  the  Trenton  period  in  the  Lower  Silurian,  a  derivation 
from  some  species  related  to  the  Ceratiocarids  is  possible.  Since 
many  if  not  all  of  the  Eurypterids  were  freshwater  or  brack- 
ish-water species,  the  transfer  to  freshwater  may  have  been 
an  incident  attending  the  divergence  ;  and  also  an  explanation 
of  their  attaining  so  great  dimensions,  freshwater  having 
been  their  protection.  The  large  Eurypterids,  several  feet  in 
length,  would  have  been  helpless  among  Sharks  and  Ganoids. 

Derivation  of  Arachnids, — The  line  to  the  lower  and  earlier 
Arachnids,  that  is,  to  the  Scorpions,  leads  up,  according  to  Yan 
Beneden,  Packard  and  others,  from  the  early  Pterygotus-like 
Limuloids.  The  early  Scorpion,  as  well  as  the  modem  kinds, 
has  the  same  number  of  body-segments  as  a  Eurypterns  or 
Pterygotus,  namely :  7  thoracic,  and  6  abdominal  (precisely 
the  normal  number  in  Crustaceans) ;  the  same  cephalic  rela- 
tions of  the  legs  ;  the  same  absence  of  abdominal  appendages ; 
a  like  absence  of  thoracic  appendages  from  all  the  segments 
excepting  the  first  two,  and  similar  functions  in  the  members 

fertaining  to  these  two  segments.  Further,  according  to  B. 
^each,  these  early  Limuloids  sometimes  have,  like  the  Scor- 
pions, pairs  of  "  combs  "  or  pectinated  organs  on  the  under- 
side of  some  of  the  thoracic  segments. 

But  in  this  change  from  an  aquatic  to  a  terrestrial  species  the 
upward  progress  in  structure  was  great.  The  4  posterior  pairs 
of  feet  in  the  terrestrial  Scorpion  have  no  longer  the  low- 
grade  feature  of  serving  as  jaws  as  well  as  feet,  but  are  simply 
feet;  they  are  the  cliiei  organs  of  locomotion,  and  only  those 
of  the  anterior  pair  are  appendages  to  the  mouth.  The  an- 
tenna} are  shortened  to  pincers  (falces)  that  also  serve  the 
mouth.  The  four  pairs  of  feet  are  thus  cephalic  organs,  if 
comparison  be  made  with  the  Limuloids  and  Crustaceans, 
though  in  Arachnology  they  are  called  thoracic.  In  the  later 
true  Spiders,  the  body  had  lost  its  Eurypteroid  abdomen,  but 
had  still,  in  Paleozoic  species,  its  distinctly  segmented  thorax; 
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and  this  thorax  is  the  abdomen  of  Arachnology.  It  is  seg- 
mented in  some  modern  species,  while  in  others  the  subdi- 
visions have  become  obsolete  or  are  but  faintly  indicated.  The 
abdomen  of  the  Eurypterid  however  exists  as  a  slender  jointed 
thread  in  Geralinura  of  Scudder,  of  the  Carboniferous,  which 
has  its  Illinois,  and  also  Bohemian,  species  and  has  survived 
till  now,  in  the  modern  Telyphonus. 

Derivation  of  Myriapods  and  Insects, — Myriapods  although 
inferior  to  Insects,  are  as  yet  known  only  from  the  early  De- 
vonian. The  Devonian  species,  and  also  those  of  the  Car- 
boniferous, are  of  the  Millepede  or  lower  doubly-multiplicate 
section  of  Myriapods  with  one  exception,  that  of  the  remark- 
able few-jointed,  caterpillar-like  Paloeocampa  of  Meek  and 
Worthen. 

The  fact  of  a  line  of  succession  from  Worms  to  Myriapods 
and  from  Myriapods  to  Insects  has  not  been  proved  by  geo- 
logical discovery.  The  derivation  of  Myriapods  from  some 
type  of  Annelids  is  zoologically  suggested,  as  long  since  recog- 
nized, by  the  apparently  transitional  form  of  Peripatus^  a  low- 
grade  Myriapod  resembling  much  the  larve  of  some  Insects, 
and  by  the  like  multiplicate  structure  of  Annelids  and  Myria- 
pods. It  might  be  inferred  also  from  the  resemblance  of  the 
Palseocampa  of  the  Illinois  Carboniferous  to  the  caterpillar  of 
an  Insect  of  the  genus  Arctia,  as  remarked  by  Scudder. 

Myriapods  are  regarded  as  the  precursors  of  Insects  on 
account  of  their  approximate  resemblance  to  the  latter  in 
antennae  and  the  appendages  of  the  mouth,  and  because  also  of 
the  wormlike  form  of  most  Insect  larves,  these  larves  appear- 
ing to  be  survivals  of  the  Myriapod  stage.  In  the  change 
from  an  Annelid  and  Myriapod  to  an  Insect,  the  multiplicate 
feature  disappeared  and  the  number  of  parts  became  essentially 
the  fixed  normal  number  of  the  type,  both  as  regards  the  body- 
segments  and  their  jointed  appendages. 

The  rise  of  grade  from  the  Myriapod  to  the  Insect  involved 
the  appropriation  of  the  three  body-segments  of  the  Myriapod 
bearing  the  three  anterior  pairs  of  feet  (which  correspond 
normally  to  half  the  body  segments  of  the  head  of  an  Isopod 
Crustacean)  for  forming  the  isolated  middle  section  of  the  body 
called  the  thorax,  and  the  suppression  of  all  the  other  pairs  of 
feet.  In  both  Spiders  and  Insects,  the  change  involved  also  a 
general  concentration  of  the  structure  toward  the  cephalic 
nervous  center,  that  is  a  shortening  of  the  range  of  cephalic 
control,  and  especially  the  distance  to  the  posterior  limit  of 
locomotive  action.  Compared  with  a  Crab,  the  highest  type 
in  the  Crustacean  series,  its  superior,  an  Ant,  is  a  very  little 
thing. 
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The  fact  tliat  in  low-grade  Insects,  there  is  no  proper  meta- 
morphosis, while  in  the  Iiigher,  as  they  rise  in  grade,  the  larval 
stage  is  lower  and  lower  in  embryonic  level,  suggests  that  the 
larval  stage  results  from  an  attendant  retrograde  embryonic 
change  to  a  line  parallel  with  the  Myriapod,  and  beyond  to  the 
memberless  condition  of  a  worm.  The  principle  appears  to  be 
a  general  one  among  animals,  and  thence,  the  higher  the 
species  the  longer  the  stage  of  youth. 

The  relations  in  body-segments  and  limbs  between  the  classes 
of  Crustaceans,  Limuloids,  Arachnids,  Myriapods  and  Insects 
are  shown  in  the  following  table.  The  segments  of  the  body 
are  numbered  along  the  left  margin  ;  the  zero  opposite  signifies 
that  the  segment,  tliough  present  has  no  appendage. 


CRUSTACEANS. 


LIMULOIDS. 


Tetradecapods.         Eurj'ptenis.       Pterygotus.        Limulus. 


ARACHMIDS. 
ScurpioD.         Phrvnas. 


1.  1st  Ant. 

2.  2d  Ant. 

3.  M. 

4.  Mx. 

5.  Mx. 

6.  Mx. 

1.  P. 

2.  P. 

3.  P. 

4.  P. 

5.  P. 

6.  P. 

7.  P. 


1.  App. 

2.  App. 

3.  App. 

4.  App. 

5.  App. 

6.  App. 


o 


O 
M-P. 
M-P. 
M-P. 
M-P. 
M-P. 


Fol.  P. 

Fol.  P. 
O 
O 
O 
O 
O 

O 
O 
O 
O 
O 
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Ant. 

M-P. 

'6     M-P. 

08 

S     M-P. 

'    M-P. 

M-P. 

Fol.  P. 

Fol.  P. 

O 

O 

O 

O 


03 

u 
o 
ji 
H 


c 
o 

B 

o 


O  J 

O  1 

I 

o 
o 
o 
o 
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M-P. 
M-P. 
M-P. 
M-P. 
M-P. 

Fol.  P. 
Fol.  P. 


J I  Fol.  P. 

|iFol.  P. 

H  I  Fol.  P. 

Fol.  P. 

O 


Falcesl  •6 


'O 

cti 


J     I 


M. 
P. 
P. 
P. 
P. 


JK 


Jx-i 


O  1 


s 

e 

o 
•a 

< 


a 

o 
'a 


0.      1 

o. 

Comb. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.     . 

0. 

—  - 

■ 

0. 

0.     1 

0. 

0. 
0. 
0. 

• 

a 

S 

o 

s 

< 

O.     J 


1 


Falcesl 
M. 
P. 
P. 
P. 
P.     J 
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MYRIAPODS. .      INSECTS. 


! 

a' 

'i, 


Lithobiai 
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M. 
Mx.  J 


Ant. 


^  M. 


a; 


P. 
P. 
P. 

P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 
P. 


15  pairs 
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p. 
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o. 

0. 


M  y  I 
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13 


/&  Z.  Per) field — Crystallization  of  Herdente.         329 

In  this  table,  the  following  abbreviations  are  used  :  Ant.,  an- 
tenna; App.,  pairs  of  jointed  appendages,  either  pediform  or 
branchial ;  M.,  Mandible  ;  Mx.,  Maxilla  ;  P.,  feet ;  MP.,  feet 
that  serve  also  as  jaws ;  Mx.  &  L.  (under  Insects),  maxillae 
and  labium ;  Fol.  P.,  foliaceous  or  lamellar  feet  or  appendages. 

Under  the  Lirauloids,  the  genus  Eurypterus  fails  of  antennae ; 
but  they  are  present  in  Pterygotus,  and  are  chelate ;  and  this 
chelate  (or  thumb-and-finger)  form  characterizes  also  the 
modern  Limulus,  the  Scorpions  and  the  common  Spiders.  In 
the  table  the  two  pairs  of  maxillae  of  Insects  are  assumed  to 
belong  to  a  single  body  segment,  as  held  by  many  zoologists, 
including  (as  he  himself  informs  the  writer)  Prof.  S.  I.  Smith ; 
the  table  shows  that,  with  this  admission,  the  thorax  and  head 
of  an  Insect  are  essentially  homologous  with  the  head  of  a 
Tetradecapod  Crustacean. 


Art.  XXXI  v. —  On  the  Crystallization  of  Ilerderite  ;   by 

S.  L.  Penfield. 

During  the  past  summer  Mr.  L.  K.  Stone  of  Paris,  Maine, 
sent  to  Prof.  H.  L.  Wells  of  the  SheflSeld  Scientific  School 
several  specimens  of  an  unknown  mineral  for  identification. 
The  specimens  were  collected  at  Paris,  Me.,  but  not  at  the 
noted  Mt.  Mica  locality.  They  presented  well  defined,  trans- 
parent and  almost  colorless  monoelinic  crystals,  measuring  up 
to  2°^  in  diameter  and  6™™  in  length.  The  crystals  are  im- 
planted mostly  upon  quartz  but  some  are  on  feldspar.  Their 
hardness  is  a  little  over  5.  When  tested  before  the  blowpipe 
they  at  first  sprouted  and  turned  white,  but  afterwards  fused 
at  about  4  to  a  white,  blebby  enamel,  tinging  the  flame  very 
pale  green,  indicating  phosphoric  acid.  In  the  closed  tube  at 
a  high  temperature  the  crystals  whitened,  threw  off  quite  vio- 
lently a  fine  scaly  powder  or  dust  and  gave  water  which 
showed  only  a  faint  acid  reaction.  The  mineral  was  slowly 
but  completely  soluble  in  hydrochloric  acid.  As  these  charac- 
ters apparently  did  not  agree  with  the  description  of  any 
known  species,  the  mineral  was  supposed  to  be  new  and 
accordingly  the  best  material  available  for  the  chemical  analy- 
sis was  carefully  selected  and  eventually  separated  from  any 
attached  quartz  or  gangue  by  means  of  the  heavy  solution. 
The  pure  mineral,  amounting  to  about  one  and  a  half  grams, 
and  varying  in  specific  gravity  from  2*936  to  2*968,  was  analyzed 
by  Professor  Wells  to  whom  the  author's  sincere  thanks  are 
due.     The  analysis  revealed  the  interesting  fact  that  the  mine- 
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ral  is  herderite  and  that  it  contains  practically  no  fluorine,  agree- 
ing in  this  latter  respect  with  a  variety  described  by  Professor 
Wells  and  the  author*  from  Hebron,  Me.  The  analyses  of  the 
minerals  from  both  localities  are  as  follows : 


Paris. 

Sp.  gr. 2-952 

P,0, 44-05 

BeO    16-13 

CaO 34-04 

H,0 5-85 

F 

Insoluble 0*44 


Hebron 

after  deducting 

5-27  per  cent 

Theory  for 

of  impurities. 

Ca[Be(0H)]P04. 

2-975 

43-08 

44-10 

16-18 

15-53 

[34-35] 

34-78 

615 

5-69 

-42 

-  - ,  - 





100-51  100-18  100-00 

The  analyses  indicate  a  well  defined  type  of  herderite  which 
may  well  be  called  hydro-herderite  in  distinction  from  the 
variety  containing  fluorine.  Of  the  two  types  the  former, 
Ca[Be(OH)]PO^,  occurs  quite  pure,  as  shown  by  the  above 
analyses,  and  it  may  readily  be  told  by  its  peculiar  behavior 
when  heated  in  a  closed  tube.  We  have  as  yet  no  proof  of 
the  existence  of  a  pure  fluor-herderite  Ca[BeFJPO^.  Mackin- 
toshf  advanced  such  a  formula  for  the  mineral  from  Stone- 
ham,  Me.,  but  he  did  not  make  a  test  for  water  or  a  direct 
determination  of  fluorine,  the  latter  being  calculated,  as  he 
states,  from  the  excess  of  lime.  The  author  in  connection 
with  Mr.  D.  N.  Harper:]:  proved  that  the  Stoneham  herderite 
contained  both  hydroxyl  and  fluorine  in  the  proportion  of 
about  3 : 2  and  proposed  the  formula  Ca[Be(OH .  F)]PO^, 
where  fluorine  and  hydroxyl  are  regarded  as  isomorphous. 
This  last  type,  which  may  be  designated  as  hydro-fluor-her- 
derite,  may  be  readily  distinguished  by  its  behavior  in  a  closed 
tube,  as,  when  heated  intensely,  acid  water  is  driven  off,  etch- 
ing the  glass  and  yielding  a  deposit  of  silica.  From  the  quan- 
tity of  hydrofluoric  acid  that  is  liberated  it  has  been  assumed 
that  the  fluorine  and  hydroxyl  are  in  combination  with  beryl- 
lium and  not  with  the  more  basic  calcium. 

The  most  interesting  feature  of  the  herderite  from  this  new 
locality  is,  however,  its  monocli^iic  crystallization.  The  dis- 
covery of  this  has  lead  to  the  examination  of  the  mineral  from 
other  localities  and  it  has  been  found,  as  will  be  shown  in  the 
course  of  this  article,  that  herderite  is  always  monoclinic  and 
not  orthorhombic. 

♦This  Journal,  III,  xliv,  p.  114.  1892. 

f  This  Journal,  III,  xxvii,  p.  137,  1884. 

X  This  Journal,  III,  xxxii,  p.  107,  1886. 
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Among  the  specimens  that  were  examined  from  the  new 
locality  there  were  only  a  few  small  crystals  that  were  well 
adapted  for  measurement  with  the  goniometer  and  these  were 
always  so  attached  that  only  a  part  of  their  faces  were  devel- 
oped. Some  of  the  faces  are  curved  and  give  uncertain  re- 
flections buf  the  majority  are  good  and  they  are  very  free 
from  vicinal  planes,  which  are  prominent  on  the  Stoneham 
herderite.  In  the  description  of  the  crystals  the  position 
adopted  by  E.  S.  Dana*  has  been  retained,  and  as  far  as  poa- 
sible,  his  system  of  lettering. 

The  habit  of  the  crystals  is  shown  in  figures  1,  2  and  3. 
Number  1  is  drawn  with  OlO  in  front  and  No.  2  with  001  ver- 
tical, these  positions  being  chosen  because  they  are  best  adapted 
for  showing  the  monoclinic  symmetry.  Figure  3  is  a  basal 
projection  and  from  this  and  the  spherical  projection,  fig.  13, 
the  relations  of  the  forms  and  the  prominent  zones  can  readily 
be  made  out.  The  forms  which  have  been  identified  are  as 
follows : 


a, 

100, 

i'l 

e,  302,  -^-l 

fy 

112, -J 

k,    122, 

-1-2 

*, 

010, 

il 

t,   032,    1-'^ 

^y 

332,^1 

w>,  3-1 2-4, 

-3-4 

c, 

001, 

0 

V,  C3l,    3-^ 

^, 

331,-3 

z,     394, 

f3 

m, 

110, 

I 

5,  061,    6-i 

n, 

331,    3 

The  axial  ratio  was  calculated  from  the  measurements  which 
are  marked  by  an  asterisk  in  the  table  of  angles.  For  com- 
parison the  ratios  derived  by  Haidingerf  from  the  Ehren- 
friedersdorf  and  by  Dana  from  the  Stoneham  herderite  are 
also  given. 

Author       diT-.c  =  063075  :  1  :  0*42742      /?  =  89°  54' 
Haidinger     "     "  =  0-6261    :  1  :  0*4247        /?  =  90 
Dana  "     "   =  0*6206    :  1  :  0*42345      ft  =  ^0 

The  angle  ,9  is  very  close  to  90°,  but  there  can  be  no  mistake 
about  the  monoclinic  character  of  the  crystals  as  indicated  by 
the  development  of  the  faces.  As  regards  the  forms,  those 
shown  in  fig.  1  are  almost  invariably  present.  The  basal  plane 
G  always  yields  good  reflections  and  the  edges  which  it  forms 
with  the  dome  t  invariably  curve  and  taper  to  a  point  as  they 
approach  the  pyramid  s,  tig.  2.  The  edges  between  t  and  z 
were  always  rounded,  and  this  is  especially  true  in  the  vicinity 
where  <?,  t  and  z  approach  one  another.  The  pyramid  z  which, 
owing  to  the  curved  nature,  did  not  yield  very  satisfactory 
measurements  was  surely  identified  by  its  location  in  the  zones 
m^  e^  A,  t  and  m^  v.  The  pyramids  q  and  7i  are  commonly  stri- 
ated parallel  to  their  intersection  edges. 

*This  Journal,  III,  xxvii,  p.  229,  1884. 
fPhil.  Mag.,  iv,  p.  1,  1828. 
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Some  of  the  measured  angles  are  recorded  in  the  following 
table,  where  it  will  be  observed  that  the  agreement  with  the 
calculated  is  usually  very  satisfactory,  thus  indicating  that  the 
axial  ratio  is  nearly  correct.  Where  the  variation  is  consider- 
able the  faces  were  always  either  rounded  or  otherwise  poorly 
adapted  for  measurement. 

Measured.    Calculated.  Measured.    Calculated. 

c  ^   a,  001  ^  100  =  89*' 54'*  m  ^  m,  TlO  ^  3.SI  =  22**  23'  22°  36' 

c  ^  e,   001  .>  302  =  45  25*  n  a  n,  331  a  3.SI  = 59  3 

6^17,010^031  =  37  57*  c  /^  A;,  001  a  122= 28  35^ 

c  A  w,  001  A  110=  89°  55'  A  A  fc,  122  ^    122= 44  3^ 

m/vm,  110  Alio  =  64  25  64  29  r  ^  k,  112  a  122  =  11  3  10  35^ 

6  Am,  010  a  110  =  57  47  67  45^  c  a  f ,  001  a  032  =32  46  32  40 

Cat,  001  a  112  =  21  52  21  49  <  a  t,  032  ^  032  =65  36  65  20 

r  ^  r,   112  .s  112  =  22  43  22  52^  6  ^  «,  010  a  061  =  21  17  21  18 

c  ^  q,   001  A  332  =  50   8  50  11  a  ^  v,  100  a  031  =  89  55  89  56 

(?  A  g,  332  .V  3.32  =  48  20  48  22  a  a  «;,  100  ..3-12*4=72  34  72  35 

c  ^  w,  001a331  =  67   7  67  20  c^m;,  001  a3-12-4= 54  2 

«  ^n,  331vs33l  =  58  56  58  59  m;^m;,  312-4  a  3-12-4= 97  36 

h  ^n,   010  A  331  =  60  30^  60  30^  c  a  2,  001  a  394  = 47  26 

c  ^  n,  001  .s  331  = 67  29  h  ^   z,  010  ^  394  =  49  ..  49  22^ 

Optical  properties. — Sections  parallel  to  the  clinopinacoid 
show  inclined  extinction.  With  yellow  light,  Na  flame,  the 
axis  of  greatest  elasticity,  which  is  the  acute  bisectrix,  was 
found  to  make  an  angle  of  +2J°  with  the  clino  axis,  hence,  as 
the  axial  inclination  /3  is  approximately  90°,  c  is  inclined  2^°  to 

G  in  the  acute  angle  ^.  The  plane  of  the  optical  axes  is  the 
clinopinacoid  and  the  double  refraction  is  negative  and  rather 
strong.  For  the  determination  of  the  mean  index  of  refrac- 
tion a  prism  was  prepared  with  its  edge  parallel  to  the  ortho 
axis.  Owing  to  the  character  of  the  material  the  prism  was 
small  and  its  optical  orientation  only  approximately  correct. 
The  results  of  the  measurements  are  given  in  tabular  form 
below.  Two  plates  were  prepared,  one  at  right  angles  to  the 
acute  bisectrix,  the  other  parallel  to  the  base,  which  is  approxi- 
mately at  right  angles  to  the  obtuse  bisectrix.  The  first  of 
these  was  so  small  that  the  divergence  of  the  optical  axes  could 
not  be  observed  in  air  but  was  determined  in  a-monobrom- 
naphthaline  {ny  =  1*6572).  The  results  are  as  follows,  all 
made  with  yellow  light,  Is  a  flame : 

From  prism  :  a  =  21°  58',  6  =  14°  16',  hence  /3  =  1-632 
2Ha=    70°  44'     hence     2Va  =    71°  59' 
2Ho  =  105      1      hence     2Yo  =  107    21 


Theory, 


179°  20' 
180    00 


Also  from  2Ha  and  2Ho  there  were  calculated  for  compari- 
son 2Va  =  72°  12'  and  ^  =  1-628.     The  first  of  these  agrees 
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very  well  with  the  value  given  above,  the  second  varies  0*004 
from  j9  derived  from  the  prism  and  the  mean  of  the  two  deter- 
minations 1*630  may  be  accepted  as  very  nearly  correct.  The 
dispersion  was  />>v  and  was  decidedly  inclined,  the  borders  of 
one  hyperbola  being  much  more  brilliantly  colored  than  the 
other. 

Herderite  from  Hebron y  Maine, 

The  occurrence  of  this  hydro-herderite  has  already  been 
referred  to  and  the  analysis  given.  The  habit  of  the  crystals 
is  represented  in  fig.  4.  Only  a  very  little  of  this  material  was 
found,  and  the  crystals  were  not  well  adapted  for  accurate 
measurement.  As  stated  in  the  original  description,  one  of 
the  best  measurements  that  was  made  was  n/sw,  33 1 /\  331  = 
102°  22'  which  does  not  agree  well  with  the  angle  calculated 
by  Dana,  103°  24',  but  does,  however,  compare  very  favorably 
with  the  angle  calculated  from  the  hydro-herderite  from  Paris. 
If  the  crystals  are  twinned  about  the  basal  plane,  according  to 
a  method  to  be  described  later,  the  calculated  angle  should  be 
102°  25'  and  if  they  are  simple,  102°  41'. 

Herderite  from  Stoneham^  Maine, 

On  the  crystals  from  this  locality  the  following  forms  have 
been  identified : 

by  C,  my  6,  8y  Vy  ty  $',  Tl       diXi^L       H 

corresponding  to  the  herderite  from  Paris,  and  in  addition : 

ly  120,     ^-2         c,  302,  f-^         /?,  Ill,  -1  a,  362,   3-2 

dy\Q\y-\'%         w.  Oil,  1^         q,   332,    f 

Of  these  all  except  dy  which  is  mentioned  by  Hidden,*  were 
observed  by  Dana,  while  the  prism  //,  130  and  the  pyramid 

y,  3-3  observed  by  him  have  not  been  found  by  the  writer, 
and  the  position  of  y  in  the  raonoclinic  system  cannot  there- 
fore be  determined.  Figures  5  and  6,  which,  except  for  the 
lettering,  have  been  copied  from  Dana,  represent  the  prevail- 
ing combinations.  The  crystals  are  penetration  twins  and  imi- 
tate orthorhombic  symmetry,  similar  to  the  crystals  of  stilbite. 
The  twinning  plane  can  be  either  the  base  or  the  orthopina- 
coid ;  j8  being  very  near  90°,  and  the  character  of  the  faces 
such  that  sumciently  accurate  measurements  cannot  be  made 
to  determine  this  point.  Considering  the  faces  in  the  upper 
front  and  lower  rear  segments  as  in  normal  and  parallel  posi- 
tion, the  lettering  on  the  remaining  faces  has  been  underlined 

*This  Journal,  III,  xxxii,  p.  209,  1886. 
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to  signify  that  they  are  in  twin  position.  Fig.  7  represents  a 
fragment  which  was  detached  from  a  specimen  in  the  Brush 
collection.  It  illustrates  monoclinic  symmetry  in  the  develop- 
ment of  e^  q  and  7i  larger  than  c,  q  and  n  and  also  in  the  occur- 
rence of  the  positive  pyramid  x  between  b  and  q  and  not 
between  h  and  q,  A  thin  section  was  prepared  from  this  crys- 
tal parallel  to  h  and  it  showed  no  indication  of  twinning.  Fig. 
8  represents  the  development  of  the  forms  on  a  crystal  in  the 
Bement  collection.  This  was  so  attached  that  the  majority  of 
its  faces  could  be  observed  and  the  monoclinic  character  is  well 
shown  by  the  occurrence  of  d  and  p  in  the  upper  front  and 
lower  hind  segments  only. 

Fig.  9  represents  a  crystal  in  the  Bement  collection  which  is 
reported  as  being  the  largest  herderite  ever  found  at  Stoneham 
and  has  already  been  described  in  this  Journal  by  Mr.  Hidden.* 
Its  actual  dimensions  parallel  to  the  crystallographic  axes  are 

a  23""°^,  J" 25'°°'  and  6  IS"""".  The  crystal  was  attached  at  one 
extremity  of  the  a  axis  and  has  been  drawn  with  OlO  in  front 
It  is  twinned,  and  what  is  undoubtedly  the  line  of  twinning 
may  be  distinctly  traced  across  the  m  and  x  faces,  as  indicated 
by  the  dotted  line  in  the  figure.  That  portion  of  x  above  the 
twinning  line  is  quite  perfect,  and  with  reference  to  the  upper 
half  of  the  crystal,  it  is  situated  in  its  normal  position  for 
monoclinic  symmetry  as  a  positive  hemi-pyramid.  The  lower 
portion,  however,  is  very  uneven  and  vicinal  and  occupies  the 
position  of  a  negative  hemi-pyramid,  but  this  has  not  been 
mcluded  in  the  list  of  forms,  as  this  is  the  only  occurrence  of 
it  that  has  been  observed  and  it  is  not  a  perfect  face  but  rather 
an  attempt  to  complete  the  x  face  in  the  upper  portion  of  the 
twin. 

As  has  already  been  stated  the  material  from  Stoneham  is  a 
hydro-fluor  herderite  with  OH  :  F  =  about  3  :  2  and  it  presents 
an  excellent  opportunity  for  comparison  with  the  hydro  herd- 
erite from  Paris,  and  of  observing  the  variations  in  the  phys- 
ical properties  produced  by  the  partial  substitution  of  fluorine 
for  hydroxyl.  Unfortunately  the  crystal  faces  have  such  a 
strong  tendency  to  vicinal  development  that  it  is  difficult  to 
obtain  reliable  measurements.  Owing  to  the  absence  of  visible 
reentrant  angles  on  twin  crystals  the  inclination  /3  must  be 
very  near  90°  but  it  could  not  be  accurately  measured.  On 
two  crystals  which  were  selected  on  account  of  the  perfection 
of  their  faces  the  following  measurements  were  made,  of 
which  those  under  I  are  especially  good : 

*  Loc.  cit. 
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Measured 

Calculated, 

Calculated  for 

I.              II. 

Dana. 

hydro-herderite. 

mAW?,  110ysll0=      63°  57' 

63°  39' 

64°  29' 

w>s  w,  331^331  —     58*19'     58    21 

58    I7i 

58    59 

g' ys  5^,  332/s332  —      47    58 

47    62 

48    27 

s  y^  s,  061/^061=  137    12        

137     2 

137    23^ 

It  will  be  observed  in  the  above  that  the  measurements  agree 
very  well  with  the  angles  calculated  by  Dana  but  vary  con- 
siderably from  those  found  on  hydro-herderite.  The  axial 
ratio  established  by  Dana  is  therefore  retained,  and  is  repeated 
below  along  with  the  author's  ratio  for  hydro-herderite  : 

Hydro-fluor-herderite  a  :"6  :  c  =  062060  :  1  :  0*42345  /3  =  nearly  90** 
Hydro-herderite  "      "  =  0*63075  :  1  :  0*42742  j8  =  89*'  54' 

The  partial  substitution  of  fluorine  for  hydroxyl  has  had, 
therefore,  an  appreciable  effect  upon  the  axial  ratio,  shown 
especially  by  a  perceptible  shortening  of  the  a  axis.  It  may 
also  be  pointed  out  that  the  specific  gravity  of  the  Stoneham 
mineral,  3'006-3*012,  is  greater  than  that  of  the  hydro-herd- 
erite from  Paris  and  Hebron,  2'952-2'975,  which  might  be 
expected,  as  fluorine  with  an  atomic  weight  of  19  is  heavier 
than  hydroxyl  with  a  molecular  weight  of  17. 

Optical  properties, — Several  clinopinacoid  sections  that  were 
prepared  showed  an  inclined  extinction  of  about  +2°  when 
measured  with  yellow  light.  Sections  from  twin  crystals  like 
figs.  5  or  6  revealed  the  twinning  beautifully  in  polarized  light. 
Fig.  14  represents  an  ideal  section,  the  opposite  portions  I  and 
I  as  also  II  and  II  extinguishing  simultaneously.  Fig.  15  rep- 
resents the  actual  disposition  of  the  Parts  I  and  II  in  a  section 
from  a  crystal  like  fig.  6,  the  arrows  indicating  the  directions 
of  extinction. 

The  mean  index  of  refraction  was  determined  by  means  of 
a  prism  cut  with  its  edge  parallel  to  the  ortho  axis  and  the 
divergence  of  the  optical  axes  by  a  plate  cut  normal  to  the 
acute  bisectrix.  The  results,  all  determined  in  yellow  light, 
Na  flame,  are  as  follows  : 

Hydro-herderite. 

From  prism  a  =  22°  55'  6  =  14°  24'  hence  /5  =  1  -612    /?  =  1  -680 
2Ea=  128°25'henee2Va  =  67    56'  2V=7l°59' 

2Ha=    66    0    hence  2Va  =  68     7  71    59 

The  double  refraction  is  negative.  The  dispersion  is  p^v 
and  is  distinctly  inclined.  The  indices  of  refraction  have 
been  determined  by  Bertrand*  as  follows  : 

a:=l'621  /5  =  1*612  ;/=  1*592 

♦Bull.  Soc.  Min.  de  France,  ii,  p.  142,  1886. 
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The  Eurypterids,  the  early  form  of  the  Limuloids,  are  re- 
lated to  Crustaceans  in  number  of  body-segments,  it  being  19, 
as  in  the  Tetradecapods ;  and  in  the  fact  that  13  of  these  19 
segments  pertain  to  the  thorax  and  abdomen.  But  the  wide 
distinction  exists  that  the  Eurypterids  have  no  thoracic  or 
abdominal  limbs,  and  the  only  true  feet  which  they  have  are 
also  at  base  mouth-organs,  that  is  organs  that  pertain  to  the 
head.  Moreover,  as  has  been  shown,  by  Packard  and  others 
for  the  Limulus,  they  do  not  pass  through  the  Nauplius  stage 
in  their  development.  These  diversities  and  agreements  ap- 
pear to  indicate  a  derivation  for  the  Limuloids  nearly  like 
that  of  the  Crustacean  type,  but  probably  not  from  Crustaceans. 
But  since  Limuloids  cannot  yet  be  proved  to  have  existed 
before  the  Trenton  period  in  the  Lower  Silurian,  a  derivation 
from  some  species  related  to  the  Ceratiocarids  is  possible.  Since 
many  if  not  all  of  the  Eurypterids  were  freshwater  or  brack- 
ish-water species,  the  transfer  to  freshwater  may  have  been 
an  incident  attending  the  divergence  ;  and  also  an  explanation 
of  their  attaining  so  great  dimensions,  freshwater  having 
been  their  protection.  The  large  Eurypterids,  several  feet  in 
length,  would  have  been  helpless  among  Sharks  and  Ganoids. 

Derivatio^i  of  Arachnids, — The  line  to  the  lower  and  earlier 
Arachnids,  that  is,  to  the  Scorpions,  leads  up,  according  to  Van 
Beneden,  Packard  and  others,  from  the  early  Pterygotus-like 
Limuloids.  The  early  Scorpion,  as  well  as  the  modem  kinds, 
has  the  same  number  of  body-segments  as  a  Eurypterus  or 
Pterygotus,  namely  :  7  thoracic,  and  6  abdominal  (precisely 
the  normal  number  in  Crustaceans) ;  the  same  cephalic  rela- 
tions of  the  legs  ;  the  same  absence  of  abdominal  appendages ; 
a  like  absence  of  thoracic  appendages  from  all  the  segments 
excepting  the  first  two,  and  similar  functions  in  the  members 

?ertaining  to  these  two  segments.  Further,  according  to  B. 
^each,  these  early  Limuloids  sometimes  have,  like  the  Scor- 
pions, pairs  of  "  combs  "  or  pectinated  organs  on  the  under- 
side of  some  of  the  thoracic  segments. 

But  in  this  change  from  an  aquatic  to  a  terrestrial  species  the 
upward  progress  in  structure  was  great.  The  4  posterior  pairs 
of  feet  in  the  terrestrial  Scorpion  have  no  longer  the  low- 
grade  feature  of  serving  as  jaws  as  well  as  feet,  but  are  simply 
leet ;  they  are  the  chief  organs  of  locomotion,  and  only  those 
of  the  anterior  pair  are  appendages  to  the  mouth.  The  an- 
tennae are  shortened  to  pincers  (falces)  that  also  serve  the 
mouth.  The  four  pairs  of  feet  are  thus  cephalic  organs,  if 
comparison  be  made  with  the  Limuloids  and  Crustaceans, 
though  in  Arachnology  they  are  called  thoracic.  In  the  later 
true  Spiders,  the  body  had  lost  its  Eurypteroid  abdomen,  but 
had  still,  in  Paleozoic  species,  its  distinctly  segmented  thorax ; 
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and  this  thorax  is  the  abdomen  of  Arachnology.  It  is  seg- 
mented in  some  modern  species,  while  in  others  the  subdi- 
visions have  become  obsolete  or  are  but  faintly  indicated.  The 
abdomen  of  the  Eurypterid  however  exists  as  a  slender  jointed 
thread  in  Geralinura  of  Scudder,  of  the  Carboniferous,  which 
has  its  Illinois,  and  also  Bohemian,  species  and  has  survived 
till  now,  in  the  modern  Telyphonus. 

Derivation  of  Myriapods  and  Insects. — Myriapods  although 
inferior  to  Ingects,  are  as  yet  known  only  from  the  early  De- 
vonian. The  Devonian  species,  and  also  those  of  the  Car- 
boniferous, are  of  the  Millepede  or  lower  doubly-multiplicate 
section  of  Myriapods  with  one  exception,  that  of  the  remark- 
able few-jointed,  caterpillar-like  Palceocampa  of  Meek  and 
Worthen. 

The  fact  of  a  line  of  succession  from  Worms  to  Myriapods 
and  from  Myriapods  to  Insects  has  not  been  proved  by  geo- 
logical discovery.  The  derivation  of  Myriapods  from  some 
type  of  Annelids  is  zoologically  suggested,  as  long  since  recog- 
nized, by  the  apparently  transitional  form  of  Peripatus^  a  low- 
grade  Myriapod  resembling  much  the  larve  of  some  Insects, 
and  by  the  like  multiplicate  structure  of  Annelids  and  Myria- 

Jods.     It  might  be  inferred  also  from  the  resemblance  of  the 
^alseocampa  of  the  Illinois  Carboniferous  to  the  caterpillar  of 
an  Insect  of  the  genus  Arctia,  as  remarked  by  Scudder. 

Myriapods  are  regarded  as  the  precursors  of  Insects  on 
account  of  their  approximate  resemblance  to  the  latter  in 
antennae  and  the  appendages  of  the  mouth,  and  because  also  of 
the  wormlike  form  of  most  Insect  larves,  these  larves  appear- 
ing to  be  survivals  of  the  Myriapod  stage.  In  the  change 
from  an  Annelid  and  Myriapod  to  an  Insect,  the  muUiplicate 
feature  disappeared  and  the  number  of  parts  became  essentially 
the  fixed  normal  number  of  the  type,  both  as  regards  the  body- 
segments  and  their  jointed  appendages. 

The  rise  of  grade  from  the  Myriapod  to  the  Insect  involved 
the  appropriation  of  the  three  body-segments  of  the  Myriapod 
bearing  the  three  anterior  pairs  of  feet  (which  correspond 
normally  to  half  the  body  segments  of  the  head  of  an  Isopod 
Crustacean)  for  forming  the  isolated  middle  section  of  the  body 
called  the  thorax,  and  the  suppression  of  all  the  other  pairs  of 
feet.  In  both  Spiders  and  Insects,  the  change  involved  also  a 
general  concentration  of  the  structure  toward  the  cephalic 
nervous  center,  that  is  a  shortening  of  the  range  of  cephalic 
control,  and  especially  the  distance  to  the  posterior  limit  of 
locomotive  action.  Compared  with  a  Crab,  the  highest  type 
in  the  Crustacean  series,  its  superior,  an  Ant,  is  a  very  little 
thing. 
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The  fact  that  in  low-grade  Insects,  there  is  no  proper  meta- 
morphosis, while  in  the  higher,  as  they  rise  in  grade,  the  larval 
stage  is  lower  and  lower  in  embryonic  level,  suggests  that  the 
larval  stage  results  from  an  attendant  retrograde  embryonic 
change  to  a  line  parallel  with  the  Myriapod,  and  beyond  to  the 
memberless  condition  of  a  worm.  The  principle  appears  to  be 
a  general  one  among  animals,  and  thence,  the  higher  the 
species  the  longer  the  stage  of  youth. 

The  relations  in  body-segments  and  limbs  between  the  classes 
of  Crustaceans,  Limuloids,  Arachnids,  Myriapods  and  Insects 
are  shown  in  the  following  table.  The  segments  of  the  body 
are  numbered  along  the  left  margin  ;  the  zero  opposite  signifies 
that  the  segment,  though  present  has  no  appendage. 
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In  tliis  table,  the  following  abbreviations  are  used  :  Ant.,  an- 
tenna; App.,  pairs  of  jointed  appendages,  either  pediform  or 
branchial ;  M.,  Mandible  ;  Mx.,  Maxilla  ;  P.,  feet ;  MP.,  feet 
that  serve  also  as  jaws ;  Mx.  &  L.  (under  Insects),  maxillae 
and  labium  ;  Fol.  P.,  foliaceous  or  lamellar  feet  or  appendages. 

Under  the  Lirauloids,  the  genus  Eurypterus  fails  oi  antennae  ; 
but  they  are  present  in  Pterygotus,  and  are  chelate ;  and  this 
chelate  (or  thumb-and-finger)  form  characterizes  also  the 
modern  Limulus,  the  Scorpions  and  the  common  Spiders.  In 
the  table  the  two  pairs  of  maxillae  of  Insects  are  assumed  to 
belong  to  a  single  body  segment,  as  held  by  many  zoologists, 
including  (as  he  himself  informs  the  writer)  Prof.  S.  I.  Smith ; 
the  table  shows  that,  with  this  admission,  the  thorax  and  head 
of  an  Insect  are  essentially  homologous  with  the  head  of  a 
Tetradecapod  Crustacean. 


Art.  XXXI  V^. — On  the  Crystallization  of  Ilerderite  ^   by 

S.  L.  Penfield. 

During  the  past  summer  Mr.  L.  K.  Stone  of  Paris,  Maine, 
sent  to  Prof.  H.  L.  Wells  of  the  SheflSeld  Scientific  School 
several  specimens  of  an  unknown  mineral  for  identification. 
The  specimens  were  collected  at  Paris,  Me.,  but  not  at  the 
noted  Mt.  Mica  locality.  They  presented  well  defined,  trans- 
parent and  almost  colorless  monoclinic  crystals,  measuring  up 
to  2°^  in  diameter  and  6™°^  in  length.  The  crystals  are  im- 
planted mostly  upon  quartz  but  some  are  on  feldspar.  Their 
hardness  is  a  little  over  5.  When  tested  before  the  blowpipe 
they  at  first  sprouted  and  turned  white,  but  afterwards  fused 
at  about  4  to  a  white,  blebby  enamel,  tinging  the  flame  very 
pale  green,  indicating  phosphoric  acid.  In  the  closed  tube  at 
a  high  temperature  the  crystals  whitened,  threw  off  quite  vio- 
lentfy  a  fine  scaly  powder  or  dust  and  gave  water  which 
showed  only  a  faint  acid  reaction.  The  mineral  was  slowly 
but  completely  soluble  in  hydrochloric  acid.  As  these  charac- 
ters apparently  did  not  agree  with  the  description  of  any 
known  species,  the  mineral  was  supposed  to  be  new  and 
accordingly  the  best  material  available  for  the  chemical  analy- 
sis was  carefully  selected  and  eventually  separated  from  any 
attached  quartz  or  gangue  by  means  of  the  heavy  solution. 
The  pure  mineral,  amounting  to  about  one  and  a  half  grams, 
and  varying  in  specific  gravity  from  2'936  to  2*968,  was  analyzed 
by  Professor  Wells  to  whom  the  author's  sincere  thanks  are 
due.     The  analysis  revealed  the  interesting  fact  that  the  mine- 
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with  some  smaller  offshoots,  but  with  a  strike  in  the  large  one 
of  K  45°  W.  and  a  dip  of  75°  N.  The  dike  had  been  opened 
up  to  a  depth  of  20  feet  or  more  below  the  surface  and  ap- 
peared quite  fresh.  Most  interesting  of  all,  it  was  copiously 
provided  with  the  leucitic  spheroids,  of  which  an  abundant 
supply  was  gathered  for  investigation.  It  should  be  stated 
that  it  is  the  same  dike  as  the  one  mentioned  by  F.  L.  Nason 
in  the  Annual  Report  of  the  N.  J.  State  Geologist,  1890, 
p.  35,  and  determined  by  Dr.  G.  H.  Williams  as  micandiabase 
m  an  altered  condition.  Dr.  Williams  evidently  recognizing  its 
aflSnities  with  the  one  in  the  mines  at  Franklin  Furnace.  In 
the  fresh  condition  it  is,  in  the  specimens  with  the  spheroids, 
precisely  like  the  earlier  mentioned  Hamburg  dike.  Although 
this  is  three  miles  away,  and  not  exactly  in  the  same  line  of 
strike,  the  two  dikes  are  so  near  it  as  to  give  ground  for  the 
suspicion  that  they  are  the  same  rock  body.  Ten  sections  were 
prepared  in  three  of  which  there  appeared  some  apparently 
unaltered  material  in  the  midst  of  the  analcite  and  otner  sec- 
ondary products.  One  of  these  was  cleaned  of  balsam,  and 
on  one-half  the  gelatinizing  and  staining  test  was  tried.  The 
secondary  products  gelatinized  and  stained  readily  ;  the  sup- 
posed fresh  material  was  not  affected.  On  the  other  portion 
in  small,  carefully  selected  grains,  the  test  for  fiuo-silicates  was 
tried.  Abundant  cubes  of  potassium  fluo-silicate*  were  ob- 
tained, with  but  little  of  the  hexagonal  sodium  salt,  much  less, 
in  fact  of  the  latter,  than  the  bauBch-analysis  of  the  altered 
spheroids,  published  in  the  writer's  previous  paper  (p.  303) 
would  indicate  for  their  general  mass.  In  one  of  the  slides 
the  characteristic  twinning  of  leucite  is  also  developed. 

It  would  seem  therefore  to  be  quite  certain  that  there  actu- 
ally is  in  Sussex  Co.,  N.  J.,  a  leucite  dike  rock,  associated  with 
the  elaeolite-syenite,  and  that  the  determination  of  a  piece  of 
the  earlier  described  dike,  by  Dr.  E.  Hussakjf  as  leucite-teph- 
rite,  although  based  on  altered  material  and  thought  by  the 
writer  at  the  time  to  be  premature,  really  is  substantiated  by 
the  discovery  of  satisfactorily  fresh  material.  But  it  is  also 
quite  true  that  similar  spheroids  formed  entirely  of  feldspar 
have  developed  in  the  mica-diabase  dike  at  Franklin  Furnace, 
showing  thus  that  instability  of  the  leucite  molecule,  which 
has  been  elsewhere  met. 

*  These  do  not  appear  at  once  and  are  only  to  be  obtained  by  redissolving  the 
first  crop  in  water  or  dilute  HF,  and  recrystallizing. 

f  Neues  Jahrbuch,  1892,  11,  153.  The  material  was  deriyed  from  J.  F.  K. 
through  0.  A.  Derby. 
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Among  the  specimens  that  were  examined  from  the  new 
locality  there  were  only  a  few  small  crystals  that  were  well 
adapted  for  measurement  with  the  goniometer  and  these  were 
always  so  attached  that  only  a  part  of  their  faces  were  devel- 
oped. Some  of  the  faces  are  curved  and  give  uncertain  re- 
flections but  the  majority  are  good  and  they  are  very  free 
from  vicinal  planes,  which  are  prominent  on  the  Stoneham 
herderite.  In  the  description  of  the  crystals  the  position 
adopted  by  E.  S.  Dana*  has  been  retained,  and  as  far  as  poa- 
sible,  his  system  of  lettering. 

The  habit  of  the  crystals  is  shown  in  figures  1,  2  and  3. 
Number  1  is  drawn  with  OlO  in  front  and  No.  2  with  001  ver- 
tical, these  positions  being  chosen  because  they  are  best  adapted 
for  showing  the  monoclinic  symmetry.  Figure  3  is  a  basal 
projection  and  from  this  and  the  spherical  projection,  fig.  13, 
the  relations  of  the  forms  and  the  prominent  zones  can  readily 
be  made  out.  The  forms  which  have  been  identified  are  as 
follows : 


a, 

100, 

i-l 

e,  302,  -f-* 

^, 

112, -J 

ky    122, 

-1-2 

^ 

010, 

i'l 

t,  032,    fi 

2^ 

332,-1 

w,  3-1 2-4, 

-3-4 

c, 

001, 

0 

V,  C3l,    3-i 

^, 

331,-3 

2,     394, 

f3 

y/i, 

110, 

I 

5,  061,    6-1 

n, 

331,    3 

Tlie  axial  ratio  was  calculated  from  the  measurements  which 
are  marked  by  an  asterisk  in  the  table  of  angles.  For  com- 
parison the  ratios  derived  by  Haidingerf  from  the  Ehren- 
friedersdorf  and  by  Dana  from  the  Stoneham  herderite  are 
also  given. 


Author       d  :  b  :C  z=  063075 
Haidinger     "     "  =  0*6261 
Dana  *'     "  =  0-6206 


1  :  0-42742      /3  =  89°  54' 
1  :  0-4247        /3  =  90 
1  :  0-42345       y^  =  90 


The  angle  ,3  is  very  close  to  90°,  but  there  can  be  no  mistake 
about  the  monoclinic  character  of  the  crystals  as  indicated  by 
the  development  of  the  faces.  As  regards  the  forms,  those 
shown  in  tig.  1  are  almost  invariably  present.  The  basal  plane 
G  always  yields  good  reflections  and  the  edges  which  it  forms 
with  the  dome  t  invariably  curve  and  taper  to  a  point  as  they 
approach  the  pyramid  3,  tig.  2.  The  edges  between  t  and  z 
were  always  rounded,  and  this  is  especially  true  in  the  vicinity 
where  c,  t  and  z  approach  one  another.  The  pyramid  z  which, 
owing  to  the  curved  nature,  did  not  yield  very  satisfactory 
measurements  was  surely  identitied  by  its  location  in  the  zones 
7/^,  ^,  A,  t  and  m^  v.  The  pyramids  q  and  7i  are  commonly  stri- 
ated parallel  to  their  intersection  edges. 

*This  Journal,  III,  xxvii,  p.  229,  1884. 
tPhil.  Mag.,  iv,  p.  1,  1828. 
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to  signify  that  they  are  in  twin  position.  Fig.  7  represents  a 
fragment  which  was  detached  from  a  specimen  in  the  Brush 
collection.  It  illustrates  monoclinic  symmetry  in  the  develop- 
ment of  e^  q  and  n  larger  than  c,  q  and  n  and  also  in  the  occur- 
rence of  the  positive  pyramid  x  between  b  and  q  and  not 
between  h  and  q.  A  thin  section  was  prepared  from  this  crys- 
tal parallel  to  h  and  it  showed  no  indication  of  twinning.  Fig. 
8  represents  the  development  of  the  forms  on  a  crystal  in  the 
Bement  collection.  This  was  so  attached  that  the  majority  of 
its  faces  could  be  observed  and  the  monoclinic  character  is  well 
shown  by  the  occurrence  of  d  and  p  in  the  upper  front  and 
lower  hind  segments  only. 

Fig.  9  represents  a  crystal  in  the  Bement  collection  which  is 
reported  as  being  the  largest  herderite  ever  found  at  Stoneham 
and  has  already  been  described  in  this  Journal  by  Mr.  Hidden.* 
Its  actual  dimensions  parallel  to  the  crystallographic  axes  are 

a  23""%  J'25'°°^  and  6  IS"""".  The  crystal  was  attached  at  one 
extremity  of  the  a  axis  and  has  been  drawn  with  OlO  in  front. 
It  is  twinned,  and  what  is  undoubtedly  the  line  of  twinning 
may  be  distinctly  traced  across  the  m  and  x  faces,  as  indicated 
by  the  dotted  line  in  the  figure.  That  portion  of  x  above  the 
twinning  line  is  quite  perfect,  and  with  reference  to  the  upper 
half  of  the  crystal,  it  is  situated  in  its  normal  position  for 
monoclinic  symmetry  as  a  positive  hemi-pyramid.  The  lower 
portion,  however,  is  very  uneven  and  vicinal  and  occupies  the 
position  of  a  negative  hemi-pyramid,  but  this  has  not  been 
mcluded  in  the  list  of  forms,  as  this  is  the  only  occurrence  of 
it  that  has  been  observed  and  it  is  not  a  perfect  face  but  rather 
an  attempt  to  complete  the  x  face  in  the  upper  portion  of  the 
twin. 

As  has  already  been  stated  the  material  from  Stoneham  is  a 
hydro-fluor  herderite  with  OH  :  F  =  about  3  :  2  and  it  presents 
an  excellent  opportunity  for  comparison  with  the  hydro  herd- 
erite from  Paris,  and  of  observing  the  variations  in  the  phys- 
ical properties  produced  by  the  partial  substitution  of  fluorine 
for  hydroxyl.  Unfortunately  the  crystal  faces  have  such  a 
strong  tiendency  to  vicinal  development  that  it  is  difficult  to 
obtain  reliable  measurements.  Owing  to  the  absence  of  visible 
reentrant  angles  on  twin  crystals  the  inclination  ^  must  be 
very  near  90°  but  it  could  not  be  accurately  measured.  On 
two  crystals  which  were  selected  on  account  of  the  perfection 
of  their  faces  the  following  measurements  were  made,  of 
which  those  under  I  are  especially  good : 

*  Loc.  cit. 
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very  well  with  the  value  given  above,  the  second  varies  0*004 
from  j9  derived  from  the  prism  and  the  mean  of  the  two  deter- 
minations 1*630  may  be  accepted  as  very  neariy  correct.  The 
dispersion  was  />>v  and  was  decidedly  inclined,  the  borders  of 
one  hyperbola  being  much  more  brilliantly  colored  than  the 
other. 

Herderite  from  Hebron ^  Maine, 

The  occurrence  of  this  hydro-herderite  has  already  been 
referred  to  and  the  analysis  given.  The  habit  of  the  crystals 
is  represented  in  fig.  4.  Only  a  very  little  of  this  material  was 
found,  and  the  crystals  were  not  well  adapted  for  accurate 
measurement.  As  stated  in  the  original  description,  one  of 
the  best  measurements  that  was  made  was  n/sw,  33 1 /s  331  = 
102°  22'  which  does  not  agree  well  with  the  angle  calculated 
by  Dana,  103°  24',  but  does,  however,  compare  very  favorably 
with  the  angle  calculated  from  the  hydro-herderite  from  Paris. 
If  the  crystals  are  twinned  about  the  basal  plane,  according  to 
a  method  to  be  described  later,  the  calculated  angle  should  be 
102°  25'  and  if  they  are  simple,  102°  41'. 

Herderite  from  Stoneham^  Maine, 

On  the  crystals  from  this  locality  the  following  forms  have 
been  identified : 

by    c,     m,    6,     «,     «,     t,     q^    n  and  n 

corresponding  to  the  herderite  from  Paris,  and  in  addition  : 

I,  120,     ^-2         c,  302,  f-^         /?,  Ill,  -1  a,  362,   3-2 

</,  101,-l-i         w,  oil,  11         q,   332,    f 

Of  these  all  except  d^  which  is  mentioned  by  Hidden,*  were 
observed  by  Dana,  while  the  prism  //,  130  and  the  pyramid 

y,  3-3  observed  by  him  have  not  been  found  by  the  writer, 
and  the  position  of  y  in  the  raonoclinic  system  cannot  there- 
fore be  determined.  Figures  5  and  6,  which,  except  for  the 
lettering,  have  been  copied  from  Dana,  represent  the  prevail- 
ing combinations.  The  crystals  are  penetration  twins  and  imi- 
tate orthorhombic  symmetry,  similar  to  the  crystals  of  stilbite. 
The  twinning  plane  can  be  either  the  base  or  the  orthopina- 
coid ;  j8  being  very  near  90°,  and  the  character  of  the  faces 
such  that  sumciently  accurate  measurements  cannot  be  made 
to  determine  this  point.  Considering  the  faces  in  the  upper 
front  and  lower  rear  segments  as  in  normal  and  parallel  posi- 
tion, the  lettering  on  the  remaining  faces  has  been  underlined 

*This  Journal,  III,  xxxii,  p.  209,  1886. 
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to  signify  that  they  are  in  twin  position.  Fig.  7  represents  a 
fragment  which  was  detached  from  a  specimen  in  the  Brush 
collection.  It  illustrates  monoclinic  symmetry  in  the  develop- 
ment of  e^  q  and  n  larger  than  c,  q  and  n  and  also  in  the  occur- 
rence of  the  positive  pyramid  x  between  h  and  q  and  not 
between  h  and  q.  A  thin  section  was  prepared  from  this  crys- 
tal parallel  to  h  and  it  showed  no  indication  of  twinning.  Fig. 
8  represents  the  development  of  the  forms  on  a  crystal  in  the 
Bement  collection.  This  was  so  attached  that  the  majority  of 
its  faces  could  be  observed  and  the  monoclinic  character  is  well 
shown  by  the  occurrence  of  d  and  p  in  the  upper  front  and 
lower  hind  segments  only. 

Fig.  9  represents  a  crystal  in  the  Bement  collection  which  is 
reported  as  being  the  largest  herderite  ever  found  at  Stoneham 
and  has  already  been  described  in  this  Journal  by  Mr.  Hidden.* 
Its  actual  dimensions  parallel  to  the  crystallographic  axes  are 

a  23"^°^,  J"25'°°^  and  6  IS"""^.  The  crystal  was  attached  at  one 
extremity  of  the  a  axis  and  has  been  drawn  with  OlO  in  front 
It  is  twinned,  and  what  is  undoubtedly  the  line  of  twinning 
may  be  distinctly  traced  across  the  m  and  x  faces,  as  indicatea 
by  the  dotted  line  in  the  figure.  That  portion  of  x  above  the 
twinning  line  is  quite  perfect,  and  with  reference  to  the  upper 
half  of  the  crystal,  it  is  situated  in  its  normal  position  for 
monoclinic  symmetry  as  a  positive  hemi-pyramid.  The  lower 
portion,  however,  is  very  uneven  and  vicinal  and  occupies  the 
position  of  a  negative  hemi-pyramid,  but  this  has  not  been 
included  in  the  list  of  forms,  as  this  is  the  only  occurrence  of 
it  that  has  been  observed  and  it  is  not  a  perfect  face  but  rather 
an  attempt  to  complete  the  x  face  in  the  upper  portion  of  the 
twin. 

As  has  already  been  stated  the  material  from  Stoneham  is  a 
hydro-fluor  herderite  with  OH  :  F  =  about  3  :  2  and  it  presents 
an  excellent  opportunity  for  comparison  with  the  hydro  herd- 
erite from  Paris,  and  of  observing  the  variations  in  the  phys- 
ical properties  produced  by  the  partial  substitution  of  fluorine 
for  hydroxyl.  Unfortunately  the  crystal  faces  have  such  a 
strong  tendency  to  vicinal  development  that  it  is  difficult  to 
obtain  reliable  measurements.  Owing  to  the  absence  of  visible 
reentrant  angles  on  twin  crystals  the  inclination  /3  must  be 
very  near  90°  but  it  could  not  be  accurately  measured.  On 
two  crystals  which  were  selected  on  account  of  the  perfection 
of  their  faces  the  following  measurements  were  made,  of 
which  those  under  I  are  especially  good : 

*  Loc.  cit. 
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Measured 

Calculated, 

Calculated  for 

I.              II. 

Dana. 

hydro-herderite. 

n?AW?,  llO/sliO  =      63°  57' 

63°  39' 

64°  29' 

w>s  w,  331/^331  —     58' 19'     58    21 

58     I7i 

58    59 

^^  /s  3-,  332/s332  —      47    58 

47    62 

48    27 

8  /K  s,  06l/s061  —  137    12        

137     2 

137    23^ 

It  will  be  observed  in  the  above  that  the  measurements  agree 
very  well  with  the  angles  calculated  by  Dana  but  vary  con- 
siderably from  those  found  on  hydro-herderite.  The  axial 
ratio  established  by  Dana  is  therefore  retained,  and  is  repeated 
below  along  with  the  author's  ratio  for  hydro-herderite  : 

Hydro-fluor-herderite  d\'h:'c  =  0-62060  :  1  :  0-42345  /?  =  nearly  90^* 
Hydro-herderite  "      "  =  0-63075  :  1  :  042742  ^  =  89"  54' 

The  partial  substitution  of  fluorine  for  hydroxyl  has  had, 
therefore,  an  appreciable  effect  upon  the  axial  ratio,  shown 
especially  by  a  perceptible  shortening  of  the  a  axis.  It  may 
also  be  pointed  out  that  the  specific  gravity  of  the  Stoneham 
mineral,  3-006-3-012,  is  greater  than  that  of  the  hydro-herd- 
erite from  Paris  and  Hebron,  2-952-2'975,  which  might  be 
expected,  as  fluorine  with  an  atomic  weight  of  19  is  heavier 
than  hydroxyl  with  a  molecular  weight  of  17. 

Optical  properties, — Several  clinopinacoid  sections  that  were 
prepared  showed  an  inclined  extinction  of  about  +2°  when 
measured  with  yellow  light.  Sections  from  twin  crystals  like 
figs.  5  or  6  revealed  the  twinning  beautifully  in  polarized  light. 
rig.  14  represents  an  ideal  section,  the  opposite  portions  I  and 
I  as  also  II  and  II  extinguishing  simultaneously.  Fig.  15  rep- 
resents the  actual  disposition  of  the  Parts  I  and  II  in  a  section 
from  a  crystal  like  tig.  6,  the  arrows  indicating  the  directions 
of  extinction. 

The  mean  index  of  refraction  was  determined  by  means  of 
a  prism  cut  with  its  edge  parallel  to  the  ortho  axis  and  the 
divergence  of  the  optical  axes  by  a  plate  cut  normal  to  the 
acute  bisectrix.  The  results,  all  determined  in  yellow  light, 
Na  flame,  are  as  follows  : 

Hydro-herderite. 
From  prism  a  =  22°  55'  6  =  14°  24'  hence  /?  =  1  -612    /^  =  1  'GSO 
2Ea=  128°25' hence2Va  =  67    56'  2V=7r59' 

2Ha=    66    0    hence  2Va  =  68     7  71    59 

The  double  refraction  is  negative.  The  dispersion  is  p^v 
and  is  distinctly  inclined.  The  indices  of  refraction  have 
been  determined  by  Bertrand*  as  follows  : 

a  =1-621  /?  =  1-612  ;/=  1-592 

♦Bull.  Soc.  Min.  de  France,  ix,  p.  142,  1886. 
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These  minerals  lie  in  a  groundmaas  of  trachytie  structure 
consisting  mainly  of  singly  twinned  feldspars  between  which 
lie  patches  of  a  colorless  mineral  of  very  low  single  and 
double  refraction  which  is  assumed  to  be  nephelite.  Also 
shreds  and  libers  of  segirine  and  the  hornblende  just  men- 
tioned are  present.  The  rock  is  considerably  altered  and  for 
that  reason  no  analysis  is  given.  It  effervesces  considerably  in 
acid  and  gelatinizes  readily. 

A  rock  from  this  region  has  been  supplied  to  European 
dealers  by  the  specimen  dealers  in  Deaawood.  The  exact 
locality  is  unknown — the  labels  reading  simply  "  Black  Hills," 
but  it  is  probably  from  the  northern  part  of  the  region.  It  is 
sold  under  the  name  of  "Tinguaite."  The  hand-specimen 
shows  a  splintery  fracture  and  is  of  bright  green  color  with  a 
grayish  cast  and  the  rock  strongly  resembles  some  of  the  vari- 
eties of  the  acmite  trachyte  from  the  Crazy  Mts.  already  men- 
tioned. The  grain  is  dense  and  an  occasional  long  columnar 
augite  is  the  only  phenocryst  to  be  seen. 

In  thin  section  it  is  seen  to  consist  chiefly  of  a  singly 
twinned  feldspar  arranged  in  trachytie  structure  with  an  occa- 
sional patch  of  nephelite.  It  is  everywhere  penetrated  by  a 
fine  interminable  mesh  of  segirine  rods  and  needles  which 
sink  to  trichites  in  dimensions.  While  the  feldspars  are  arranged 
in  flow  structure  these  segirine  needles  are  scattered  without 
orientation,  pass  through  and  through  the  smallest  feldspars 
and  penetrate  to  some  distance  the  larger  ones.  They  par- 
ticularly abound  in  the  interspaces  and  with  low  powers  give 
the  section  a  peculiar  mossy  appearance.  To  them  is  due  the 
green  color  of  the  rock.  They  are  evidently  a  final  product 
of  consolidation,  forming  after  the  moving  mass  which  had 
developed  some  augite  phenocrysts  and  to  a  considerable  ex- 
tent the  microlites  of  feldspar  of  its  groundmass,  had  come  to 
rest.  The  augite  phenocrysts  are  of  segirine-augite  with  a 
deep  green  mantle  of  segirine.  The  rock  appears  quite  fresh. 
It  gelatinizes  in  acid.  As  the  locality  is  unknown,  no  analysis 
is  given. 

From  Caswell's  report  and  from  what  has  been  shown  in  the 
foregoing  it  is  evident  that  in  the  Black  Hills  region  there  is 
an  extremely  interesting  series  of  high  alkali-rocks,  a  fuller 
knowledge  of  whose  mode  of  occurrence  and  petrographical 
and  chemical  relations  would  aid  materially  in  solving  for  the 
region  that  most  interesting  problem  in  petrology  which  Judd 
has  so  aptly  characterized  in  the  term  '^  petrographical  prov- 
inces." 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  b'cicntific  School,  New  Haven,  Dec,  1893. 
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Art.  XXXVIL — The  General  Structure  of  the  Main  Axis  of 
the  Green  Mountains ;  by  Charles  Livy  Whittle. 

[Published  by  permissioa  of  the  Director  of  the  United  States  Geological  Survey.] 

The  anticlinal  nature  of  the  main  axis  of  the  Green  Moun- 
tains was  first  suggested  by  Adams  in  1846.*  In  1847  the 
elder  Hitchcock  published  a  section  of  Hoosac  Mountain  in 
Massachusetts  representing  the  strata  overturned  to  the  west 
and  in  his  opinion  the  structure  of  the  main  axis  in  Vermont 
was  the  same.f  Zodack  Thompson  argued  for  a  synclinal  axisif 
and  T.  Sterry  Hunt  was  of  the  same  opinion.§  Edward  Hitch- 
cock in  his  Geology  of  Vermont  represents  the  structure  of 
the  axis  between  the  Eutland  and  Plymouth  valleys,  along  the 
Central  Vermont  railroad  as  a  simple  anticline.!  At  the  time 
this  survey  was  made  (1861)  the  subject  of  induced  schistosity 
was  in  its  infancy,  and  it  is  rather  surprising  that  the  strati- 
graphy worked  out  so  largely  on  the  basis  of  schistosity  alone 
should  so  nearly  approximate  to  the  real  attitude  of  the.  very 
varied  terranes  that  make  up  the  area  of  the  Green  Mountains. 
Hitchcock's  section  VI,  twenty  miles  north  of  section  V,  makes 
the  gneiss  dip  uniformly  east.  Although  along  these  lines  the 
gneiss  is  represented  as  having  a  simple  structure  the  text 
mentions  that  there  are  many  minor  irregularities  and  curvings 
in  the  stratification  especially  along  the  southern  line  near  the 
town  of  Mt.  Holly.  The  method  then  prosecuted  of  making 
geological  maps  by  crossing  the  state  once  in  so  many  miles, 
making  observations  on  strike  and  dip  where  possible,  accounts 
in  part  for  the  disagreement  in  the  interpretation  of  the 
structure  along  the  two  lines  mentioned. 

My  own  observations  in  Vermont  made  mainly  during 
three  field  seasons  extended  north  and  south  along  the  highest 
portions  of  the  Green  Mountains  from  Chittenden  on  the 
north  to  Stratton  on  the  south,  and  defined  on  the  east  and 
west  by  Windsor  and  Rutland  valleys. 

This  area  comprises  part  of  the  stretch  of  country  em- 
braced by  sections  V  and  VI  above  mentioned  in  Rutland 
and  Windsor  Counties. 

•Second  Annual  Report  on  the  Geology  of  Vermont.  Adams.  1846,  pp.  167 
and  168. 

t  Klementary  Geology.     E.  Hitchcock.     1847,  p.  36  and  37. 

j  Address  on  tne  Natural  History  of  Vermont.  Preliminary  Report  on  the 
Natural  History  of  Vermont.     Augustus  Young.     1856.     A  pp.  6,  pp.  65-68. 

§  On  Some  Points  m  the  Geology  of  Vermont.  This  Journal,  vol.  xlvi,  1868, 
p    229. 

I  See  vol.  ii.  Sec.  V,  1361,  and  text  giving  description  of  this  section,  pp. 
624-628. 
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ferent  varieties  by  a  suitable  prefix.  As  we  speak  of  fluor- 
apatite  and  ehior-apatite,  so  we  can  distinguish  hydro-herderite, 
fluor-herderite,  if  the  pure  compound  is  ever  found,  and  for 
the  isomorphous  mixture  of  the  two,  hydro-fluor-herderite. 
The  axial  ratios  and  other  physical  properties  vary  with  the 
composition  and  the  results  which  have  been  given  in  the 
course  of  this  article  will  serve  as  an  additional  contribution 
to  our  knowledge  of  the  isomorphism  of  fluorine  and  hydroxyl. 
The  following  is  a  list  of  the  twenty-nine  forms  which  have 
been  observed  on  the  different  varieties  of  herderite,  the 
accompanying  letters  signifying  the  prominent  localities : 
A.  Auburn,  E.  Ehrenfriedersdorf,  P.  Paris,  S.  Stoneham  and 
G.  Greenwood.  The  relations  of  these  may  be  seen  by  refer- 
ence to  the  spherical  projection,  fig.  13. 

Pinacoids.  Pyramids. 

a,  100,  i-l  E.  P.  r,  112,^  A.  P. 

b,  010,  i-l  A.  P.  S.  G.  JO,  111,-1  E.  S. 

c,  001,  O  A.  E.  P.  S.  q^  332,  -|  A.  P.  S. 
Prisms.  n,  331,-3  A.  E.  P.  S.  G. 

m,  1 10,     I       A.  E.  P.  S.  G.  0,      441,  -4  E. 

I,    120,    i-2       S.  G.  Ic,      122,  -1-2        P. 

/i,    130,    ^-3       S.  !(?,  3-12-4,-3.4        P. 


^     I  1 


131,  -3-3         S. 


Ortho-domes. 

d,  101, -1-*  S.  '''  i  131,  3-3  S. 

e,  302, -f*  A.P.  S.  G.  q.  332,  |  P.  S.  G. 
e,    302,    ■|-^  S.  «»  331,  3^  A.  S.  G. 
b,    301,   3-*  A.  3,  364,  f-2  G. 
Clino-domes.  V,  121,  2-2  G. 

u,    on,    \-l  S.  G.  a;  362,  3-2  S. 

t,     032,   f-i  A.E.P.S.  gQ^  ,^  p 

V,    031,   3-^  A.  P.S.  ^'  .   *'  t^  ^• 

061,    6-i  E.  P.  S.  Py  ^^^  9-3  ^• 


s 


As  regards  the  localities  where  this  rare  mineral  is  found, 
those  in  Maine  are  all  within  a  few  miles  of  one-another, 
Greenwood,  Hebron,  Paris  and  Stoneham  being  in  Oxford 
County  while  Auburn  is  an  adjoining  township  in  Andros- 
coggin County.  These  localities  have  something  in  common 
with  the  only  other  known  one  for  herderite,  the  tin  mines  of 
Ehrenfriedersdorf  in  Saxony,  since  both  are  regions  of  granites 
and  gneisses,  and  the  mineral  occurs  associated  with  cassiterite, 
topaz  and  beryl  in  both  cases. 

As  regards  the  position  of  herderite  in  a  natural  system  of 
classification  it  seems  most  closely  related  to  the  monoelinic 
wagnerite-triplite-triploidite  group.  Although  a  close  relation 
can  be  seen  between  the  a  and  h  axes  the  relations  of  the  verti- 
cal axes  and  of  the  inclination  /9  are  not  so  clear. 
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a       :  b  :      c  fi 

Hydro-herderite,  Oa[BeOH  PO4  0-6307  :  1  :  0-427i      89"  54' 

Hydro-fluo  herderite,  Ca|Be(OH  .  F)]  PO4  06206  :  1  :  0*4234  very  near  SO** 

^a      :  b  :      e 

Wagnerite,  Mg[MgF]  PO4  0-6362  :  1  ;  1-5059  71"  53' 

TripUte,  RFRP]       PO*        ?       :  ?  :  ?                ? 

Triploidite,  R[R0H1    PO4  0-6190:  I:  1*4925  71  46 

Sarkinite,  Mn[MnOHj  ASO4  06672 :  1  :  1*5154  62   13^ 

R  =  Md  and  Fe 

In  this  group  fluorine  and  hydroxyl  are  isomorphous,  and 
triploidite  described  by  Brush  and  Dana,*  being  isomorphous 
with  wagnerite  and  having  undoubtedly  the  same  structural 
formula  as  triplite,  gave  the  first  instance  in  which  this  fact 
was  observed. 

In  conclusion  the  author  takes  pleasure  in  expressing  his 
sincere  thanks  to  Messrs.  C.  S.  Beraent  of  Philadelphia,  JPa., 
G.  L.  Noyes  of  Norway  and  T.  F.  Lamb  of  Portland,  Me., 
for  the  loan  of  specimens  from  their  private  collections  and  to 
Mr.  L.  K.  Stone  of  Paris,  Me.,  for  the  supply  of  material  from 
the  new  locality. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School.  January,  1894. 


Art.  XXXV. — Additional  Note  on  Leucite  in  Sussex  Co., 

N.  J. ;  by  J.  F.  Kemp. 

In  the  Journal  for  April,  1893,  pp.  298-305  the  writer  de- 
scribed a  "  Basic  Dike  near  Hamburg,  N.  J.,  which  has  been 
thought  to  contain  Leucite."  The  paper  dealt  with  a  dike 
that  cut  blue,  apparently  Lower  Silurian  limestone,  was  15-20 
feet  wide  and  situated  about  one  and  one -half  miles  northwest 
of  Hamburg,  N.  J.  The  dike  contained  some  curious  sphe- 
roids that  strongly  suggested  leucite,  but  which  were  altered 
in  every  case  to  a  mass  of  analcite,  calcite,  and  feldspar.  From 
this  it  was  concluded  that  fresh  material  would  be  necessary  to 
decide  the  presence  of  this  rare  and  interesting  mineral, 
although  the  nearness  of  the  elaeolite-syenite  at  Beemerville, 
gave  additional  reason  to  suspect  it.  The  past  summer,  being 
again  in  the  region,  the  writer  visited  the  extensive  quarries 
for  limestone,  that  have  been  opened  up  at  Kudeville,  which 
is  over  on  the  opposite  side  of  an  Archaean  ridge  (Hamburg 
Mountain),  from  Hamburg  and  the  first  mentioned  dike.  The 
white  crystalline  limestone  is  cut  by  a  dike  about  12  feet  wide, 

♦This  Journal,  UI,  xvi,  p.  42,  1878. 

Am.  Joub.  Scl— Third  Series,  Vol.  XLVII,  No.  281.— May,  1894. 
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with  some  smaller  offshoots,  but  with  a  strike  in  the  large  one 
of  N.  45°  W.  and  a  dip  of  75°  N.  The  dike  had  been  opened 
up  to  a  depth  of  20  feet  or  more  below  the  surface  and  ap- 
peared quite  fresh.  Most  interesting  of  all,  it  was  copiously 
provided  with  the  leucitic  spheroids,  of  which  an  abundant 
supply  was  gathered  for  investigation.  It  should  be  stated 
that  it  is  the  same  dike  as  the  one  mentioned  by  F.  L.  Nason 
in  the  Annual  Report  of  the  N.  J.  State  Geologist,  1890, 
p.  35,  and  determined  by  Dr.  G.  H.  Williams  as  micandiabase 
m  an  altered  condition,  Dr.  Williams  evidently  recognizing  its 
aflSnities  with  the  one  in  the  mines  at  Franklin  Furnace.  In 
the  fresh  condition  it  is,  in  the  specimens  with  the  spheroids, 
precisely  like  the  earlier  mentioned  Hamburg  dike.  Although 
this  is  three  miles  away,  and  not  exactly  in  the  same  line  of 
strike,  the  two  dikes  are  so  near  it  as  to  give  ground  for  the 
suspicion  that  they  are  the  same  rock  body.  Ten  sections  were 
prepared  in  three  of  which  there  appeared  some  apparently 
unaltered  material  in  the  midst  of  the  analcite  and  other  sec- 
ondary products.  One  of  these  was  cleaned  of  balsam,  and 
on  one-half  the  gelatinizing  and  staining  test  was  tried.  The 
secondary  products  gelatinized  and  stained  readily ;  the  sup- 
posed fresh  material  was  not  affected.  On  the  other  portion 
in  small,  carefully  selected  grains,  the  test  for  fluo-silicates  was 
tried.  Abundant  cubes  of  potassium  fluo-silicate*  were  ob- 
tained, with  but  little  of  the  hexagonal  sodium  salt,  much  less, 
in  fact  of  the  latter,  than  the  bauech-analysis  of  the  altered 
spheroids,  published  in  the  writer's  previous  paper  (p.  303) 
would  indicate  for  their  general  mass.  In  one  of  the  slides 
the  characteristic  twinning  of  leucite  is  also  developed. 

It  would  seem  therefore  to  be  quite  certain  that  there  actu- 
ally is  in  Sussex  Co.,  N.  J.,  a  leucite  dike  rock,  associated  with 
the  elaeolite-syenite,  and  that  the  determination  of  a  piece  of 
the  earlier  described  dike,  by  Dr.  E.  Hussak,f  as  leucite-teph- 
rite,  although  based  on  altered  material  and  thought  by  the 
writer  at  the  time  to  be  premature,  really  is  substantiated  by 
the  discovery  of  satisfactorily  fresh  material.  But  it  is  also 
quite  true  that  similar  spheroids  formed  entirely  of  feldspar 
have  developed  in  the  mica-diabase  dike  at  Franklin  Furnace, 
showing  thus  that  instability  of  the  leucite  molecule,  which 
has  been  elsewhere  met. 

*  These  do  not  appear  at  once  and  are  only  to  be  obtained  by  redissolving  the 
first  crop  in  water  or  dilute  HF,  and  recrystaUizing. 

f  Neues  Jahrbuch,  1892,  II,  153.  The  material  was  derived  from  J.  F.  E. 
through  0.  A.  Derby. 
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Art.  XXXVI. — On  some  Phonolitic  Rocks  from,  the  Black 

HiUs ;  by  L.  V.  Pirsson. 

For  our  knowledge  of  the  geology  of  the  Black  Hills  and 
of  the  occurrence  and  distribution  of  the  igneous  rocks  of  the 
region  we  are  chiefly  indebted  to  Newton.*  Crosbyf  has  also 
shown  that  the  greater  part  of  the  younger  eruptives  are  to  be 
considered  as  occurring  in  the  form  of  laccolites.  Our  infor- 
mation in  regard  to  the  petrographical  character  of  these  rocks 
is  due  to  Caswell,!  who  studied  the  suite  of  specimens  gath- 
ered by  Newton.  This  was  one  of  the  earlier  contributions  to 
American  petrology,  and  when  we  consider  the  amount  of 
knowledge  available  on  the  subject  at  that  time,  it  was  an 
excellent  and  careful  piece  of  work. 

Heading  between  the  lines  of  Caswell's  report  however  and 
possessed  of  the  facts  which  the  great  advance  in  petrograph- 
ical knowledge  during  the  past  fifteen  years  has  furnished  we 
can  see  that  many  of  the  rocks  studied  by  Caswell  were  of 

!;reat  interest,  unusual  in  character  and  that  they  possessed  re- 
ations  not  then  brought  out. 

This  was  shown  by  an  examination  of  several  specimens 
from  the  region  which  have  come  into  the  writer's  hands  from 
various  sources  to  be  mentioned  later  and  it  was  therefore  de- 
cided to  study  them  more  in  detail  with  the  results  given  in 
the  present  article. 

Phonolite, 

This  rock  is  definitely  mentioned  by  Caswell,  as  occurring 
at  Black  Butte  and  he  gives  a  figure  and  description  of  it.§ 
From  the  facts  stated  by  him  it  would  seem  to  be  present  also 
in  other  localities.  Thus  the  rock  from  Bear  Lodge,  or  as  it  is 
now  commonly  called,  the  "  Devil's  Tower,"  an  isolated  butte 
pear  the  Little  Missouri  Buttes  on  the  northwest  border  of  the 
region  and  described  by  Newtonf  as  having  a  remarkable 
columnar  structure  is  said  to  gelatinize  readily  in  acid.  It  is 
described  as  sanidine  trachyte. 

A  specimen  of  this  rock  has  come  into  possession  of  the 
writer  through  the  kindness  of  Mr.  Geo.  Leavenworth  of  New 
Haven,  who  visited  the  locality  in  1889.  Both  in  macro- 
scopic appearance  and  in  thin  section  it  agrees  quite  well  with 
the  description  given  by  Caswell  but  differs  in  some  important 
characters.     It  may  also  be  reasonably  inferred  that  the  rock 

♦  Geol.  of  Black  HiUs  of  Dakota,  U.  S.  Geog.  and  G«ol.  Surv.  Rocky  Mta., 
Washinfcton,  1880. 
f  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  xxiii,  p.  511,  1888. 
Gteol.  Black  Hills,  as  above.  Chap,  vii,  p.  47 1 ,  Micro.  Petrog. 
I  Op.  cit.,  p.  503.     Plate  I,  fig.  3. 
Op.  cit.,  p.  201. 
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would  vary  some  in  different  parts  of  the  mass.  For  Caswell's 
description  the  reader  is  referred  to  the  original  memoir  as  it 
would  be  too  long  to  quote  here. 

The  specimen  collected  by  Mr.  Leavenworth  shows  a  dense 
felsitic  looking  groundmass  of  a  dark  gray  color  with  some- 
what greasy  luster,  very  thicklv  dotted  with  white  or  pale 
gray  feldspar  phenocrysts  which  attain  a  size  of  1""  in  diam- 
eter.  Sometimes  they  are  columnar  on  the  a  axis  and  some- 
times short  and  stout  in  their  habit.  They  are  so  thickly 
crowded  as  to  form  a  very  considerable  proportion  of  the  rock 
mass.  Between  them  lie  occasional  small  black  prisms  of 
angite. 

In  thin  section  the  microscope  discloses  the  following  min- 
erals :  feldspar^  pyroxene^  tita^iite^  apatite  in  the  first  genera- 
tion and  feldspar^  nephelite^  cegirine  and  sodalite  (?)  in  the 
second.  The  large  feldspar  phenocrysts  sometimes  show  a 
zonal  structure  which  is  indeed  plainly  visible  on  the  hand 
specimen  where  any  process  of  alteration  has  taken  place,  as 
on  a  weathered  rock  surface — the  center  and  certain  zones 
being  more  affected  than  the  outer  mantle  and  remaining  parts. 
Generally  they  are  very  fresh,  showing  only  an  occasional  trace 
of  decomposition  along  a  cleavage  crack.  Between  crossed 
nicols  they  sometimes  reveal  the  zonal  structure  but  never  any 
appearance  of  microperthite  from  intergrown  .albite  lamellsa 
and  never  any  twinning  save  that  according  to  the  Oarlsbad 
law. 

Since  the  chemical  analysis  of  the  rock — ^given  later — ^had 
shown  such  an  excess  of  soda  over  potash  it  was  inferred  that 
this  feldspar  might  be  anorthoclase  and  an  analysis  of  it  was 
therefore  made. 

To  obtain  material  clear  glassy  fragments  of  the  phenocrysts 
were  first  picked  by  hand,  crushed  fine  enough  to  pass  through 
a  100  mesh  (to  the  inch)  sieve  and  then  washed  free  from  dust 
and  separated  by  the  potassium  mercuric  iodide  solution. 
They  floated  readily  at  2*614:  wh.ich  would  separate  any  albite 
(none  sank  however)  and  fell  at  2*557  which  would  support 
any  zeolites  or  decomposed  matter.  A  considerable  portion 
fell  at  2*59  and  the  average  specific  gravity  was  between  2*58 
and  2*59.  Seen  under  the  microscope  the  material  consists  of 
clear  homogeneous  grains.     The  analysis  gave : 

Ratio. 

SiO, 66*44  1*1073  6 

A1,0,   19-12  1854  1-006 

Fe,0, 0*56  

CaO tr.  

Na„0 7-91  *1274 


V 

H,0  (ign.)..-.     0*57  


K,0  -. 5*10  *0541  '•'^^^^  '^®* 


Total 99-10 


Z.  F.  Piraaon — Phonolitic  Rocks  from  Black  HiUa.    343 

Neglecting  the  small  amount  of  water  and  ferric  oxide — the 
latter  due  to  minute  amounts  of  limonite  infiltrated  into  cleav* 
age  cracks — the  ratios  ar6  those  of  a  normal  feldspar  in  which 
Or:Ab::l:2i. 

Attempts  made  to  measure  the  cleavage  angle  of  c(OOl)/^ 
i(OlO)  were  not  successful  as  the  cleavages  were  too  imperfect  to 
reflect  light  well  and  measurements  could  not  be  made  within 
1°  with  accuracy.  The  cleavage  parallel  i;o  J(OIO)  is  much 
better  than  that  parallel  to  (j(001).  Such  cleavage  plates  rest- 
ing on  tf(OOl)  between  crossed  nicols  extinguish  parallel  to  the 
edge  of  tf(001)  on  J(OIO)  or  so  nearly  that  no  appreciabfe  devia- 
tion could  be  seen  with  the  Bertrand  ocular  or  in  monochro- 
matic light ;  resting  on  J(OIO)  they  have  a  positive  extinction 
angle  of  about  9°  and  in  convergent  light  show  the  obtuse 
bisectrix  c  about  perpendicular  to  the  field.  The  feldspar  is 
therefore  a  soda-orthoclase. 

From  these  results  it  would  seem  that  soda-orthoclase  or 
anorthoclase  is  probably  a  more  common  constituent  of  phono- 
litic and  trachytic  rocks  than  might  be  supposed  from  their 
petrographic  description.  The  concealment  of  the  triclinic 
character,  produced  very  probably  by  sub-microscopic  or  even 
intimate  molecular  twinning  according  to  the  albite  law,  would 
naturally  lead  to  confusion  with  sanidine  while  examination  of 
cleavage  plates  of  such  material,  giving  only  a  slightly  in- 
creased angle  in  the  positive  sense  on  J(OIO)  and  a  somewhat 
higher  specific  gravity,  would  scarcely  yield  sufficient  data  for 
reliable  conclusions  and  it  is  evident  that  only  chemical  analy- 
sis combined  with  these  can  safely  establish  the  precise  nature 
of  the  mineral.* 

Pyroxene. — This  is  segirine-augite  with  characteristic  color, 
pleochroism  and  extinction.  Dispersion  of  the  optic  axes  is 
marked.  It  is  zonally  built,  the  aegirine  molecule  increasing 
toward  the  periphery  which  is  finally  surrounded  by  a  deep 
green  aegirine  mantle.  This  was  evidently  growing  during 
the  final  stage  of  consolidation  as  the  minerals  of  the  ground- 
mass  are  idiomorphic  against  it  or  else  actually  imbedded  in  it. 
Titanite  occurs  in  characteristic  lozenge  shaped  cuts  which  are 
almost  invariably  twinned.  The  groundmass  is  made  up 
mostly  of  small  lath-like  feldspars  with  Carlsbad  twinning 
arranged  in  trachytic  structure  and  scattered  amidst  them  are 
shreds  and  rods  of  aegirine  and  very  small  idiomorphic  nephe- 
lites.  These  latter  are  very  clear  and  colorless  and  often 
bounded  by  the  aegirine  shreds  as  is  common  in  phonolites. 
They  are  easily  told  by  their  hexagonal  basal  cuts,  dark  be- 
tween crossed  nicols  and  short  rectangular  prismatic  ones  with 

*  Conf.  also,  article  by  Wolff  and  Tarr,  Bull.  Mus.  Comp,  Zool.  Cambridge, 
vol.  xvi,  1893,  pp.  230-2ai). 
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to  signify  that  they  are  in  twin  position.  Fig.  7  represents  a 
fragment  which  was  detached  irom  a  specimen  in  the  Brush 
collection.  It  illustrates  monoclinic  symmetry  in  the  develop- 
ment of  e^  q  and  7i  larger  than  c,  q  and  n  and  also  in  the  occur- 
rence of  the  positive  pyramid  x  between  b  and  q  and  not 
between  h  and  q,  A  thin  section  was  prepared  from  this  crys- 
tal parallel  to  h  and  it  showed  no  indication  of  twinning.  Fig. 
8  represents  the  development  of  the  forms  on  a  crystal  in  the 
Bement  collection.  This  was  so  attached  that  the  majority  of 
its  faces  could  be  observed  and  the  monoclinic  character  is  well 
shown  by  the  occurrence  of  d  and  p  in  the  upper  front  and 
lower  hind  segments  only. 

Fig.  9  represents  a  crystal  in  the  Bement  collection  which  is 
reported  as  being  the  largest  herderite  ever  found  at  Stoneham 
and  has  already  been  described  in  this  Journal  by  Mr.  Hidden.* 
Its  actual  dimensions  parallel  to  the  crystallographic  axes  are 

a  23""°^,  F25'°°^  and  c  18""".  The  crystal  was  attached  at  one 
extremity  of  the  a  axis  and  has  been  drawn  with  OlO  in  front. 
It  is  twinned,  and  what  is  undoubtedly  the  line  of  twinning 
may  be  distinctly  traced  across  the  m  and  x  faces,  as  indicated 
by  the  dotted  line  in  the  figure.  That  portion  of  x  above  the 
twinning  line  is  quite  perfect,  and  with  reference  to  the  upper 
half  of  the  crystal,  it  is  situated  in  its  normal  position  for 
monoclinic  symmetry  as  a  positive  hemi-pyramid.  The  lower 
portion,  however,  is  very  uneven  and  vicinal  and  occupies  the 
position  of  a  negative  hemi-pyramid,  but  this  has  not  been 
included  in  the  list  of  forms,  as  this  is  the  only  occurrence  of 
it  that  has  been  observed  and  it  is  not  a  perfect  face  but  rather 
an  attempt  to  complete  the  x  face  in  the  upper  portion  of  the 
twin. 

As  has  already  been  stated  the  material  from  Stoneham  is  a 
hydro-fluor  herderite  with  OH  :  F  =  about  3  :  2  and  it  presents 
an  excellent  opportunity  for  comparison  with  the  hydro  herd- 
erite from  Paris,  and  of  observing  the  variations  in  the  phys- 
ical properties  produced  by  the  partial  substitution  of  fluorine 
for  hydroxyl.  Unfortunately  the  crystal  faces  have  such  a 
strong  tendency  to  vicinal  development  that  it  is  diflScult  to 
obtain  reliable  measurements.  Owing  to  the  absence  of  visible 
reentrant  angles  on  twin  crystals  the  inclination  /9  must  be 
very  near  90°  but  it  could  not  be  accurately  measured.  On 
two  crystals  which  were  selected  on  account  of  the  perfection 
of  their  faces  the  following  measurements  were  made,  of 
which  those  under  I  are  especially  good : 

*  Loc.  cit. 
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Measured 

Calculated, 

Calculated  for 

I.              II. 

Dana. 

hydro-herderite. 

/72AW?,  110/sliO  =      63°  57' 

63°  39' 

64°  29' 

n>^  w,  331/s331  —     58' 19'     58    21 

58    17^ 

58    59 

q  y>,q,  332/s332  =      47    58 

47    52 

48    27 

8/^8,  061/s061  =  137    12        

137     2 

137    23^ 

It  will  be  observed  in  the  above  that  the  measurements  agree 
very  well  with  the  angles  calculated  by  Dana  but  vary  con- 
siderably from  those  found  on  hydro-herderite.  The  axial 
ratio  established  by  Dana  is  therefore  retained,  and  is  repeated 
below  along  with  the  author's  ratio  for  hydro-herderite  : 

Hydro-fluor-herderite  (i  :"6  :  c  =  062060  :  1  :  0-42345  /(?  =  nearly  90** 
Hydro-herderite  "      "  =  0-63075  :  1  :  0-42742  j8  =   89**  54' 

The  partial  substitution  of  fluorine  for  hydroxyl  has  had, 
therefore,  an  appreciable  effect  upon  the  axial  ratio,  shown 
especially  by  a  perceptible  shortening  of  the  a  axis.  It  may 
also  be  pointed  out  that  the  specific  gravity  of  the  Stoneham 
mineral,  3-006-3-012,  is  greater  than  that  of  the  hydro-herd- 
erite from  Paris  and  Hebron,  2*952-2*975,  which  might  be 
expected,  as  fluorine  with  an  atomic  weight  of  19  is  heavier 
than  hydroxyl  with  a  molecular  weight  of  17. 

Optical  properties. — Several  clinopinacoid  sections  that  were 
prepared  showed  an  inclined  extinction  of  about  +2°  when 
measured  with  yellow  light.  Sections  from  twin  crystals  like 
figs.  5  or  6  revealed  the  twinning  beautifully  in  polarized  light. 
Fig.  14  represents  an  ideal  section,  the  opposite  portions  I  and 
I  as  also  11  and  II  extinguishing  simultaneously.  Fig.  15  rep- 
resents the  actual  disposition  of  the  Parts  I  and  11  in  a  section 
from  a  crystal  like  fig.  6,  the  arrows  indicating  the  directions 
of  extinction. 

The  mean  index  of  refraction  was  determined  by  means  of 
a  prism  cut  with  its  edge  parallel  to  the  ortho  axis  and  the 
divergence  of  the  optical  axes  by  a  plate  cut  normal  to  the 
acute  bisectrix.  The  results,  all  determined  in  yellow  light, 
Na  flame,  are  as  follows  : 

Hydro-herderite. 
From  prism  a  =  22°  55'  d  —  14°  24'  hence  /5  =  1-612    fi  =  1*630 
2Ea=  128°25'hence2Va  =  67    56'  2V=7r59' 

2Ha=    66    0    hence  2Va  =  68     7  71    59 

The  double  refraction  is  negative.  The  dispersion  is  p^v 
and  is  distinctly  inclined.  The  indices  of  refraction  have 
been  determined  by  Bertrand*  as  follows  : 

or  =  1-621  /?  =  1-612  y  =  1'592 

*Bull.  Sec.  Min.  de  France,  ii,  p.  142,  1886. 
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The  divergence  of  the  optical  axes  has  been  measured  by  Dee 
Cloizeaux.*  His  optical  preparation  was  undoubtedly  cut 
from  a  twin  crystal,  for  he  states  that  on  both  sides  of  the 
bisectrix  two  sets  of  rings  were  visible,  which  may  readily  be 
understood  by  reference  to  fig.  14,  as  a  section  parallel  to  the 
ortho-pinacoid  would  be  approximately  normal  to  two  bisec- 
trices. He  gives  2Ea  .for  the  inner  hyperbolae  121°  22'  and 
for  the  outer  130^  2'.  The  true  value  should  be  about  mid- 
way between  these.  From  the  study  of  the  optical  proper- 
ties we  learn,  therefore,  that,  by  the  partial  substitution  of 
fluorine  for  hydroxyl,  the  position  of  the  axes  of  elasticity  has 
not  materially  changed  bnt  the  mean  index  of  refraction  ^9  and 
the  divergence  of  the  optical  axes  have  decreased. 

Herderite  from  Auburn^  Maine. 

The  material  from  this  locality  as  shown  by  the  closed  tube 
reaction  is  a  hydro-fluor-herderite,  and  as  far  as  known  to  the 
author  is  represented  by  a  single  specimen  in  the  Bemsnt  col- 
lection and  two  crystals  belonging  to  Mr.  T.  F.  Lamb  of 
Portland,  Maine.  On  the  specimen  in  the  Bement  collection 
there  is  one  crystal  which  is  almost  colorless  and  transparent 
and  has  the  habit  shown  in  fig.  10.  It  is  attached  to  albite 
and  a  large  imperfect  herderite  and  measures  parallel  to  the 

axial  directions  a  8°^™,  h  8™",  and  6  11""°'.  It  is  twinned  and 
shows  a  reentrant  angle  formed  by  the  faces  of  the  dome 
b,  SOl.  This  form  is  strongly  vicinal  in  its  development,  and 
was  not  identified  by  measurement  but  by  its  position  in  the 
zones  'y,  m.  Some  of  the  large  faces  are  dull  and  not  adapted 
for  measurement  but  the  forms  m,  n  and  q^  except  for  a  slight 
striation  parallel  to  their  mutual  intersections,  are  remarkably 
perfect  and  yielded  the  following  measurements : 

Stonebam 


herderite. 

Hydro-herderite. 

m/^rriy 

upper 

crystal 

63° 

'53' 

63<'  39' 

64°  29' 

niA^  rn^ 

lower 

crystal 

63 

52 

iC         (( 

CC         (( 

n  /\  7i, 

upper 

crystal 

58 

31 

58    17| 

68    59 

n  /s  72, 

lower 

crystal 

58 

30 

((     i( 

a      « 

^/N   ^) 

47 

54 

47    52 

48    22 

771  A.  71, 

22 

22 

22    33 

22    35 

m^  q, 

39 

36J 

39    42 

39    39 

From  the  values  oi  ntA^m  and  n/^n^  which  are  undoubtedly 
very  accurate,  it  may  be  assumed  that  this  variety  contains  less 
fluorine  than  the  Stoneham  mineral  as  the  values  are  slightly 
greater  and  thus  approach  the  hydro-herderite.  The  crystals 
from  the  collection  of  Mr.  Lamb  are  in  habit  similar  to  the  one 

*Bull.  Soc.  MiD.  de  France,  vii,  p.  132,  1884. 
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just  described,  but  they  are  not  so  perfect  and  they  do  not 
show  the  reentrant  angle. 

Herderite  from  Greenwood^  Maine. 

In  this  township  herderite  has  been  found  at  two  localities. 
At  one  of  these  it  is  a  hydro-herderite  and,  as  represented  by 
a  small  specimen  in  the  Brush  collection  and  by  several  crys- 
tals belonging  to  Mr.  Geo.  L.  Noyes  of  Norway,  Me.,  it  occurs 
in  crystals  measuring  15"""  in  diameter,  but  poorly  developed 
and  presenting  no  forms  that  could  be  accurately  measured  on 
the  reflecting  goniometer;  with  the  contact  goniometer,  how- 
ever, the  following  were  identified :  J,  010 ;  <?,  001 ;  ^,  032  and 

g,  364,  f -2.  The  development  of  the  forms  is  shown  in  fig.  11, 
g  having  been  observed  only  on  crystals  from  this  locality. 

At  the  second  locality  it  is  a  hydro-fluor-herderite  and  is  rep- 
resented only  by  a  single  specimen  belonging  to  Mr.  Noyes. 
This  shows  several  herderites  attached  to  a  large  quartz  crystal. 
The  largest  herderite  measured  parallel  to  the  axial  diame- 
ters a,  9°'°' ;  J,  5°^™  and  <?,  3^"^°^  and  had  the  habit  shown  in  fig. 
12.  The  crystals  were  not  well  adapted  for  measurement  with 
the  reflecting  goniometer  and  they  were  not  detached  from 
the  quartz^  but  the  forms  were  identified  by  approximate 
measurements  made  from  wax  impressions  of  the  faces.  The 
following  were  observed :  J,  010 ;  m^  110  ;  ^,  120 ;  ^,  302  ;  u^ 

Oil ;  n,  331 ;  n,  S31 ;  q,  S32  ;  v,  I21,  2-2  and  p,  391,  9-3.  The 
last  two  have  been  observed  only  on  the  crystals  from  this 
locality.  The  forms  q,  v  and  p  round  into  one  another  and  in 
this  respect  the  crystals  resemble  those  from  Paris,  where  the 
positive  hemi-pyramids  are  curved  and  indistinct. 

Herderite  from  Ehrenfriedersdorf  Saxony. 

The  material  from  this  locality  is  extremely  rare  and  the 
author  has  had  no  opportunity  of  examining  it.  It  is  un- 
doubtedly monoclinic  and  the  orthorhombic  habit  described  by 
Haidinger  is  the  result  of  twinning.  In  the  description  given 
by  Des  Cloizeaux*  of  the  optical  properties  it  is  very  evident 
that  he  was  dealing  with  a  twin  crystal  as  he  states  that  about 
the  acute  bisectrix  three  sets  of  ring  systems  were  observed. 
The  following  values  for  2E  are  ^iven  124°  35',  123°  10'  and 
122°  24'.  From  the  axial  ratio  given  on  page  331  it  would 
be  expected  that  the  composition  of  the  mineral  is  interme- 
diate between  that  of  the  Stoneham  and  Paris  herderite. 

Conclusions. — As  has  been  shown,  herderite  is  a  mineral  of 
variable  composition  and  it  seems  best  to  designate  the  dif- 

*Loc.  cit. 
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The  fact  that  in  low-grade  Insects,  there  is  no  proper  meta- 
morphosis, while  in  the  higher,  as  they  rise  in  grade,  the  larval 
stage  is  lower  and  lower  in  embryonic  level,  suggests  that  the 
larval  stage  results  from  an  attendant  retrograde  embryonic 
change  to  a  line  parallel  with  the  Myriapod,  and  beyond  to  the 
memberless  condition  of  a  worm.  The  principle  appears  to  be 
a  general  one  among  animals,  and  thence,  the  higher  the 
species  the  longer  the  stage  of  youth. 

The  relations  in  body-segments  and  limbs  between  the  classes 
of  Crustaceans,  Limuloids,  Arachnids,  Myriapods  and  Insects 
are  shown  in  the  following  table.  The  segments  of  the  body 
are  numbered  along  the  left  margin ;  the  zero  opposite  signifies 
that  the  segment,  though  present  has  no  appendage. 
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In  this  table,  the  following  abbreviations  are  used  :  Ant.,  an- 
tenna; App.,  pairs  of  jointed  appendages,  either  pediform  or 
branchial;  M.,  Mandible ;  Mx.,  Maxilla;  P.,  feet;  M-P.,  feet 
that  serve  also  as  jaws ;  Mx.  &  L.  (under  Insects),  maxillae 
and  labium ;  Fol.  P.,  foliaceous  or  lamellar  feet  or  appendages. 

Under  the  Limuloids,  the  genus  Eurypterus  fails  of  antennae  ; 
but  they  are  present  in  Pterygotus,  and  are  chelate ;  and  this 
chelate  (or  thumb-and-finger)  form  characterizes  also  the 
modern  Limulus,  the  Scorpions  and  the  common  Spiders.  In 
the  table  the  two  pairs  of  maxillae  of  Insects  are  assumed  to 
belong  to  a  single  body  segment,  as  held  by  many  zoologists, 
including  (as  he  himself  informs  the  writer)  Prof.  S.  I.  Smith ; 
the  table  shows  that,  with  this  admission,  the  thorax  and  head 
of  an  Insect  are  essentially  homologous  with  the  head  of  a 
Tetradecapod  Crustacean. 


Art.  XXXIV. — On  the  Crystallization  of  Ilerderite  ;   by 

S.  L.  Penfield. 

During  the  past  summer  Mr.  L.  K.  Stone  of  Paris,  Maine, 
sent  to  Prof.  H.  L.  Wells  of  the  Sheflfield  Scientific  School 
several  specimens  of  an  unknown  mineral  for  identification. 
The  specimens  were  collected  at  Paris,  Me.,  but  not  at  the 
noted  Mt.  Mica  locality.  They  presented  well  defined,  trans- 
parent and  almost  colorless  monoclinic  crystals,  measuring  up 
to  2°""^  in  diameter  and  6™°"  in  length.  The  crystals  are  im- 
planted mostly  upon  quartz  but  some  are  on  feldspar.  Their 
hardness  is  a  little  over  5.  When  tested  before  the  blowpipe 
they  at  first  sprouted  and  turned  white,  but  afterwards  fused 
at  about  4  to  a  white,  blebby  enamel,  tinging  the  flame  very 
pale  green,  indicating  phosphoric  acid.  In  the  closed  tube  at 
a  high  temperature  the  crystals  whitened,  threw  off  quite  vio- 
lently a  fine  scaly  powder  or  dust  and  gave  water  which 
showed  only  a  faint  acid  reaction.  The  mineral  was  slowly 
but  completely  soluble  in  hydrochloric  acid.  As  these  charac- 
ters apparently  did  not  agree  with  the  description  of  any 
known  species,  the  mineral  was  supposed  to  be  new  and 
accordingly  the  best  material  available  for  the  chemical  analy- 
sis was  carefully  selected  and  eventually  separated  from  any 
attached  quartz  or  gangue  by  means  of  the  heavy  solution. 
The  pure  mineral,  amounting  to  about  one  and  a  half  grams, 
and  varying  in  specific  gravity  from  2936  to  2*968,  was  analyzed 
by  Professor  Wells  to  whom  the  author's  sincere  thanks  are 
due.     The  analysis  revealed  the  interesting  fact  that  the  mine- 


850     C,  L,  Whittle — Main  Axis  of  the  Chreen  Mountains. 

The  araphibolites  are  cut  by  dikes  of  the  same  rock  and  also 
by  more  modem  dikes  of  camptoiiite  that  are  younger  than 
the  shearing.  Such  a  series  oi  amphibolites  probably  repre- 
sents a  period  of  volcanic  activity  vastly  older  than  the  Cam- 
brian and  of  greater  areal  distribution  than  occurs  at  present 
Further  south,  reconnoissance  work  has  not  detected  them ; 
they  may  have  been  eroded,  while  to  the  north,  if  they  exist 
they  are  covered,  except  in  two  isolated  localities  by  the  sedi- 
mentary series  lying  immediately  below  the  lower-Cambrian 
quartzite.  Mr.  Wolff  has  described  an  amphibolite  from  a 
hill  situated  about  one  mile  south  of  Mt.  Holly  station  and  it  is 
referred  with  probability  to  an  original  diabase  by  him  in  his 
forthcoming  monograph  on  the  Geology  of  Hoosac  Mountain.* 
As  mentioned  above,  dikes  of  the  same  rock  traverse  the 
amphibolites  and  possess  the  same  local  schistosity.  There  are 
many  other  areas  of  this  rock  in  the  region  some  of  which 
are  undoubtedly  dikes,  others  owing  to  their  extent  are  con- 
sidered to  be  intrusives  or  surface  flows.  Their  abundance 
may  be  cited  as  evidence  of  surface  flows  since  it  is  improbable 
that  any  area,  reasoning  from  analogy,  would  be  traversed  by 
so  large  a  number  of  intrusives.  This  view  is  also  sustained 
by  the  fact  that  diabases  are  prevailingly  surface  flows,  such 
regions  as  Connecticut,  New  Jersey,  and  Keweenaw  Point  be- 
ing examples.  It  may  also  be  mentioned  in  this  connection 
that  in  the  border  series  of  elastics  I  have  observed  no  amphi- 
bolites. Diabases  of  any  age  are  rare  in  Vermont  and  one 
would  expect  that  were  the  amphibolites  originally  intrusive 
(assuming  that  the  border  series  is  not  separated  from  the  core 
by  an  unconformability)  that  similar  areas  would  occur  in  rock 
stratigraphically  higher  than  those  under  consideration.  Below 
the  associated  rocks  are  referred  to  the  Algonkian.  As  the 
Keweenawan  with  its  abundance  of  surface  volcanic  rocks  was 
presumably  laid  down  near  the  close  of  the  Algonkian  time  it 
is  not  unlikely  that  similar  associated  flows  took  place  in  the 
Algonkian  rocks  of  Vermont. 

Following  the  classification  of  pre-Cambrian*  rocks  now 
adopted  in  this  country  none  of  this  area  studied  in  Vermont 
can  be  referred  to  the  Archaean  and  must  be  placed  in  the 
Algonkian.  The  lowest  rocks  exposed  in  Shrewsbury  and  Mt. 
Holly,  although  of  extreme  age  and  gnarled  and  crinkled  into 
a  hopelessly  involved  structure  still  in  larger  part  reveal  their 
sedimentary  origin  by  associated  beds  of  crystalline  limestone, 
now  altered  in  part  to  serpentine  or  amphibole,  and  scattered 
outcrops  of  quartzite.  With  these  two  rocks  or  their  representa- 
tives are  biotite,  augen  gneisses  and  schists,  gametiferous  mica 

*  Part  3,  Geology  of  the  Green  MountaiDS  in  Massachusetts  by  R.  Pumpelly, 
J.  E.  Wolff,  T.  Nelson  Dale  and  Bayard  T.  Putnam,  submitted  in  1889. 
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Among  the  specimens  that  were  examined  from  the  new 
locality  tnere  were  only  a  few  small  crystals  that  were  well 
adapted  for  measurement  with  the  goniometer  and  these  were 
always  so  attached  that  only  a  part  of  their  faces  were  devel- 
oped. Some  of  the  faces  are  curved  and  give  uncertain  re- 
flections but'  the  majority  are  good  and  they  are  very  free 
from  vicinal  planes,  which  are  prominent  on  the  Stoneham 
herderite.  In  the  description  of  the  crystals  the  position 
adopted  by  E.  S.  Dana*  has  been  retained,  and  as  far  as  pofik- 
sible,  his  system  of  lettering. 

The  habit  of  the  crystals  is  shown  in  figures  1,  2  and  3. 
Number  1  is  drawn  with  OlO  in  front  and  No.  2  with  001  ver- 
tical, these  positions  being  chosen  because  they  are  best  adapted 
for  showing  the  monoclinic  symmetry.  Figure  3  is  a  basal 
projection  and  from  this  and  the  spherical  projection,  fig.  13, 
the  relations  of  the  forms  and  the  prominent  zones  can  readily 


be  made  out. 

The  forms  which  have  been  identifiec 

\  arc 

follows : 

• 

a,   100,  i'l 

e,  302,  -f.^ 

r,    112, -i 

h,    122, 

-1-2 

h,    010,  i'\ 

t,  032,    1-2 

q,  332,^1 

w?,  3-1 2-4, 

-3-4 

c,    001,    0 
7W,   110,   I 

V,  C3l,    3-i 
s,  061,     6-i 

w,  331,-3 
n,  331,    3 

2,     394, 

f-3 

The  axial  ratio  was  calculated  from  the  measurements  which 
are  marked  by  an  asterisk  in  the  table  of  angles.  For  com- 
parison the  ratios  derived  by  Haidingerf  from  the  Ehren- 
friedersdorf  and  by  Dana  from  the  Stoneham  herderite  are 
also  given. 

Author       (i  :T  :  ^  =  063075  :  1  :  0-42742      /?  =  89''  54' 
Haidinger     "     "  =  0*6261    :  1  :  0*4247        /?  =  90 
Dana  "     "  =  0-6206    :  I  :  0-42345      /!^  =  90 

The  angle  ,9  is  very  close  to  90°,  but  there  can  be  no  mistake 
about  the  monoclinic  character  of  the  crystals  as  indicated  by 
the  development  of  the  faces.  As  regards  the  forms,  those 
shown  in  fig.  1  are  almost  invariably  present.  The  basal  plane 
G  always  yields  good  reflections  and  the  edges  which  it  forms 
with  the  dome  t  invariably  curve  and  taper  to  a  point  as  they 
approach  the  pyramid  ^,  tig.  2.  The  edges  between  t  and  z 
were  always  rounded,  and  this  is  especially  true  in  the  vicinity 
where  <?,  t  and  z  approach  one  another.  The  pyramid  z  which, 
owing  to  the  curved  nature,  did  not  yield  very  satisfactory 
measurements  was  surely  identified  by  its  location  in  the  zones 
m,  e^  k^  t  and  m,  v.  The  pyramids  q  and  n  are  commonly  stri- 
ated parallel  to  their  intersection  edges. 

*  This  Journal,  IN,  xxvii,  p.  229,  188-J. 
tPhil.  Mag.,  iv,  p.  1,  1828. 
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the  V-shaped  area  of  pre-Carabrian  rocks  mapped  by  Hitch- 
cock, occurring  along  the  trend  of  the  range  indicates  a  fall- 
ing away  of  the  axis  to  the  north. 

Section  VI  of  Hitchcock  passes  through  Mendon  and  Sher- 
burne where  the  border  rocks  are  exposed  capping  the  sum- 
mits of  the  higliest  peaks,  furnishing  a  key  to  the  structure 
along  this  line  where  most  of  the  detailed  work  has  been  done. 
As  a  working  hypothesis  the  following  sequence  of  meta- 
morphosed elastics,  exposed  in  continuous  section  on  the  west 
slope  of  Blue  Kidge  Mountain  making  the  border  series,  has 
afforded  positive  results  in  deciphering  Green  Mountain  struc- 
ture :  descending  geologically  from  the  base  of  the  Olenellns 
quartzite  the  next  rock  is  a  bed  of  chloritic  mica  schist*  venr 
much  crumpled,  hence  its  thickness  is  difficult  to  obtain.  It 
seems  always  to  be  present  in  this  part  of  the  State,  although 
on  Clarksburg  Mountain  in  Massachusetts,  lower  Cambrian 
quartzite  lies  directly  upon  granitoid  gneiss  without  any  clastic 
series  intervening.  The  question  of  the  relationship  between 
the  mica  schist  and  the  Olenellus  horizon  will  not  be  discussed 
at  this  time.  In  Vermont  the  mica  schist  at  a  minimum  has  a 
thickness  of  not  more  than  fifty  feet  and  in  places  it  is  cer- 
tainly five  hundred  feet  in  thickness  and  may  reach  a  thou- 
sand feet.  Below  the  schist  comes  in  several  hundred  feet 
of  micaceous  quartzite  locally  assuming  a  schistose  phase, 
or  on  the  other  hand  becoming  massive  and  compact.  All 
phases  carry  numerous  pebbles  of  orthoclase,  microcline  and 
quartz,  feldspar  being  most  abundant.  The  quartzite  horizon 
also  varies  greatly  in  thickness  and  may  thin  out  entirely. 
Due  east  of  Rutland  a  micaceous  phase  probably  attains  a 
thickness  of  four  hundred  feet.  Next  below  is  a  white  crys- 
talline limestone,  carrying  the  same  varieties  of  pebbles,  some 
phlogopite  secondarily  developed,  and  graphite.  It  locally 
thins  out  first  passing  through  micaceous  phases.  In  places 
areas  have  escaped  recrystallization  and  are  still  blue  in  color, 
promising  with  careful  search  to  yield  fossils.  Two  hnndred 
feet  may  be  postulated  as  its  maximum  observed  thickness  in 
the  heart  of  the  range.  Another  thin  bed  of  micaceous 
quartzite  occurs  below  this  containing  one  or  more  beds  of 
interstratitied  limestones  ten  or  fifteen  feet  in  thickness.  These 
lie  upon  the  lowest  member  of  the  border  series,  the  meta- 
morphic  conglomerate  horizon  which   is  separated   from  the 

*  Dana  has  used  the  name  hydro-mica  schist  for  similar  rocks  occurriiig  in 
Massachusetts.  Although  it  seems  for  many  reasons  the  best  name  that  ban  yet 
been  proposed  it  does  not  seem  generally  to  have  been  adopted.  Microaoopicidly 
the  schist  is  composed  mainly  of  chlorite  and  muscovite  with  varying  proportions 
of  sericite  and  biotite;  quartz  is  nearly  always  present,  but  mextpemely  fissile 
phases  it  is  practically  absent.  On  the  other  hand  varieties  occur  in  which  the 
micaceous  constituent  is  much  less  in  quantity. 
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lower  rocks  by  no  line  of  demarcation  whatever — the  two 
formations  possessing  an  induced  structural  conformity  due  to 
•dynamic  processes.  .  This  conglomerate  is  by  no  means  invari- 
able in  character,  but  is  subject  to  great  differences  of  habit, 
normally  it  may  be  described  as  a  conglomerate-gneiss  in  which 
more  or  less  detrital  material  can  still  be  seen.  Its  clastic 
•character  may  be  entirely  lost  when  it  passes  into  a  chlorite, 
mnscovite  schist  or  when  it  is  represented  by  a  vitreous  quartz- 
ite  or  quartzite  breccia.  I  have  previously  described  an  ottrelite- 
bearing  phase  of  this  horizon.*  It  forms  with  the  mica  schist 
the  most  persistent  horizon  in  the  pre-Cambrian  rocks  known 
to  me. 

This  border  series  has  been  extended  eastward  nearly  continu- 
ously across  the  range  to  the  Plymouth  valley.  A  schistose 
phase  of  the  metamorphic  conglomerate  forms  the  summit  of 
Mendon  and  Killington,  two  of  the  highest  peaks  in  the  State. 
Blue  Kidge  is  capped  by  the  same  rock  and  the  beautiful  moun- 
tain known  as  Pico  is  also  surmounted  by  the  same  horizon  over- 
turned to  the  west  upon  the  pebbly  limestones.  The  limestones 
having  been  eaten  out  on  the  west  and  southwest  undermining  of 
the  schist  has  taken  place  resulting  in  steep  escarpments  near 
the  summit.  In  a  general  way  this  is  true  of  many  of  the 
mountains  in  the  heart  of  the  range  that  have  been  examined  by 
me  north  of  Mt.  Stratton.  The  eastern  slopes  are  commonly 
much  less  steep  than  the  western  as  would  be  the  case  were 
the  strata  really  dipping  towards  the  east  and  no  doubt  the 
topography  is  directly  dependant  on  the  eastward-dipping 
schistosity.  But  it  is  noticable  that  it  is  not  the  general  schis- 
tosity  that  determines  the  positions  of  mountain  crests  but  a 
somewhat  local  one  of  more  pronounced  character  developed 
in  the  backs  (east  side)  of  overturned  folds  where,  owing  to 

freater  shearing  and  stretching  the  maximum  schistosity  is 
eveloped,  resulting  in  a  belt  of  greatest  resistance  to  erosion. 
The  schistosity  planes  on  the  backs  of  the  folds  have  a  gentle 
dip  easterly  and  consequently  these  slopes  are  comparatively 
gentle ;  the  western  slopes  are  often  structurally  infolded  syn- 
.clinal  troughs  in  which  by  the  reversal  of  the  geological  series  the 
limestone  belts  occur  with  lower  members  above  them.  What- 
ever member  of  the  metamorphic  series  now  occupies  the 
eastern  or  gentle  slope  of  the  mountains  it  is  uniformly  schis- 
tose. Ascending  any  of  the  high  peaks  in  Mendon  or  Sher- 
burne from  the  west  one  encounters  steep  slopes  and  usually  a 
duplication  of  the  infolded  members  of  the  series.  In  such 
environment  crinkling  and  crushing  are  most  pronounced, — 
the  strata  making  the  eastern  slopes  being  much  less  crinkled 

*  An  Ottrelite-Bearing  Phase  of  a  Metamorphic  Conglomerate  in  the  Green 
.Mountains.     This  Joumai,  vol.  xliv,  1892. 
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and  more  laminated, — and  duplication  of  beds  is  very  evident. 
One  often  meets  the  same  infolded  limestone  bed  three  times 
on  the  steep  western  slopes  of  the  mountains.  The  topography  is 
seen  to  be  genetically  aependant  upon  the  enforced  schistosity 
while  the  stratigraphy  exercises  but  little  controlling  influence. 
Steep  westerly  slopes,  however,  are  in  part  due  to  the  less  re- 
sistant limestones  in  the  troughs  which,  as  on  Pico  undermine 
the  more  resistent  rocks  ana  give  rise  to  pronounced  escarp- 
ments. On  a  large  scale  Grreen  Mountain  folding  is  a  parallel 
of  the  minute  plications  so  often  observed  in  the  crenulated 
schists ;  a  vertical  line  would  often  penetrate  the  same  bed 
several  times.  As  a  result  of  sharp  over-turning,  thrusts  prob- 
ably occur  but  where  metamorphism  is  so  great  it  is  doubtful 
if  they  can  be  detected  in  many  cases. 

A  measure  of  the  stretching  and  consequent  thinning  of 
the  strata  on  the  backs  of  folds  is  frequently  found  in  the 
effect  produced  on  pebbles  in  the  quartzite  or  upon  second- 
arily-developed tourmalines.  Pebbles  of  feldspar  having  an 
original  diameter  of  a  quarter  of  an  inch  are  now  found 
drawn  out  to  four  inches ;  crystals  of  tourmaline  which  one 
may  fairly  assume  were  not  more  than  one  inch  in  diameter 
are  now  seen  as  linear  films  over  a  foot  in  length.  Stretching 
of  so  pronounced  a  character  as  this  takes  place  commonly 
along  zones ;  belts  of  slipping  in  quartzite  are  frequently  met 
where  the  surfaces  for  several  hundred  feet  are  ridged  in 
parallel  lines  as  though  the  quartzite  were  pulled  out  in 
the  same  manner  that  the  confectioner  stretches  some  varieties 
of  confectionery  when  partly  chilled.  Compensation  is  not 
always  made  in  this  way ;  in  some  localities  minute  faulting 
takes  its  place.  It  is  noticed  that  in  the  lower  rocks  the  strain 
is  often  relieved  in  this  manner.  Lower  coarse  gneisses,  for 
example,  have  not  infrequently  hundreds  of  minute  faults  to 
the  square  foot ;  along  each  of  these  fault  planes,  films  of 
sericite  are  developed  giving  the  weathered  rock  a  reticulated 
appearance.  Such  faulting  might  suggest  normal  brecciation, 
but  there  is  only  slight  displacement  not  attended  by  crushing  and 
consequent  destruction  of  the  angularity  of  the  faulted  areas. 
Zones  of  this  character  were  probably  too  far  below  the  sur- 
face to  be  caught  in  the  more  superficial  belt  of  crinkling  and 
stretching,  but  underwent  great  pressure  under  enormous  load 
giving  rise  to  the  observed  faults,  or  the  rocks  suffered  the 
faulting  before  the  border  rocks  were  deposited.  The  last 
explanation  is  regarded  as  much  the  most  probable. 

The  structure  of  the  main  axis  of  the  Green  Mountains  is 
thus  seen  to  be  a  series  of  sharp,  compressed  folds  striking 
approximately  north  and  south  and  overturned  to  the  west  in 
most  localities  so  that  induced  schistosity  and  stratification  dip 
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eastward.  Localities  on  the  western  border  have  a  steep  west- 
erly dip  in  many  instances ;  in  others  the  border  series  as  a 
whole  is  nearly  in  a  vertical  position.  Many  areas  occur  along 
this  belt  where  the  series  is  overturned  to  the  west,  but  the 
exact  angle  at  which  the  strata  lie  is  di£Scult  of  determination. 
The  orographic  thrust  producing  the  folding  was  directed  nearly 
from  the  east  and  west.  Normal  faults  and  overthrusts  are 
indicated  but  data  for  their  detection  is  not  now  at  hand  except 
in  one  instance. 

Cambridge,  Mass.,  January  10,  1894. 


Art.   XXXYIII. — Notes  on    Apparatus  for  the  Geological 

Laboratory ;  by  J.  E.  Wolff. 

The  utility  of  the  following  methods  and  apparatus  having 
been  established  by  laboratory  practice  a  brief  description  of 
them  may  be  of  benefit  to  others,  a  familiarity  with  the  usual 
methods  being  assumed. 

Diamond  Saws, 

These  are  made  in  the  laboratory  as  follows :  Disks  of  ordi- 
nary sheet  tin  are  procured  from  a  tinsmith,  6  inches  in  diam- 
eter, with  a  central  hole  f  inch  in  diameter  to  tit  the  arbor  of 
the  lathe.  Two  round  wooden  blocks  are  turned  out  from 
board,  about  5^  inches  in  diameter,  and  a  central  hole  of  the 
same  size  as  that  of  the  disk  bored  in  one,  while  a  correspond- 
ing round  wooden  stick  is  set  into  the  center  of  the  other. 
The  tin  disk  is  then  placed  between  the  two  blocks,  the  round 
stick  holding  it  central,  and  the  whole  fastened  in  a  vise.  The 
edge  of  the  disk  projecting  beyond  the  wood  is  then  notched 
by  a  shoemaker's  Knife  which  is  held  against  it  and  struck  a 
snarp  blow  with  a  light  stick,  but  the  plane  of  the  knife  is 
held  slanting  or  oblique  to  the  plane  of  the  disk  and  not  trans- 
verse, and  moreover  is  inclined  on  opposite  sides  in  adjacent 
quadrants.  The  notches  are  made  as  close  together  as  possible 
without  breaking  the  tin  and  about  -^-^  inch  deep.  The  bort 
(preferably  the  so-called  scrap  carbon  left  as  waste  from  dia- 
mond drills)  is  pulverized  in  a  diamond  mortar  to  a  fine  sand, 
corresponding  nearly  to  grade  100  in  corundum  or  emery 
powder,  mixed  with  a  little  oil  to  form  a  stiff  paste  and  inserted 
between  the  teeth  of  the  saw  by  a  pointed  match.  The  edge 
is  then  gently  hammered  back  to  a  plane,  using  a  light  ham- 
mer on  an  anvil,  and  the  saw  then  turned  over  and  hammered 
smooth  on  the  other  side.     It  requires  one  carat  of  bort  to 
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charge  a  saw  properly.  By  this  method,  which  has  been  per- 
fected in  the  laboratory  by  Mr.  C.  L.  Whittle,  the  bort  is 
forced  into  th^  tin  and  held  fast  by  the  teeth,  which  owing  to 
the  oblique  catting  of  the  notches  press  tightly  together  when 
hammered  back  to  place.  The  teetn  are  cnt  obliquely  on  oppo- 
site sides  in  adjoining  quadrants  in  order  to  distribute  the  biort 
equally  on  both  sides  ox  the  saw.  A  refinement  on  die  notch- 
ing process  described  above  consists  in  the  use  of  a  brass  disk 
with  guide  notches  cut  into  its  edge,  by  which  the  knife  can 
be  guided  and  the  notches  made  evenly. 

Saws  thus  made  will  do  a  surprising  amount  of  work  before 
wearing  out.  In  two  cases,  where  a  record  was  kept,  the  saws 
cut  respectively  300  and  400  square  inches  of  rock,  mainly  of 
crystalline  varieties. 

Method  of  sawing  sections  thin. — Power  is  furnished  for 
the  laboratory  from  a  5  H.  P.  electric  motor  which  is  run  from 
a  street  current  (500  volts)  but  only  2  H.  P.  of  current  is  used 
and  paid  for  as  this  suflSces  for  the  lathes  and  electric  light. 
For  grinding  rock  surfaces  the  usual  revolving  zinc  and  iron 
plates  are  used  with  three  machines,  for  coarse,  medium  and 
fine  emery  or  corundum  (Nos.  60,  80,  and  F.F.F.).  The  dia- 
mond saw,  placed  in  an  ordinary  lathe,  revolves  at  a  speed  of 
600  to  700  revolutions  per  minute  in  the  narrow  slit  of  a  brass 
platform  on  which  an  adjustable  gauge  slides  in  a  groove  at 
right  angles  to  the  saw,  with  a  pivot  and  clamp  so  as  to  allow 
the  adjustment  to  exact  parallelism  between  its  face  and  the 
plane  of  the  saw.  The  piece  of  rock,  sawed  and  polished  on 
one  side,  is  cemented  to  a  square  piece  of  thick  glass  but  little 
larger  than  the  specimen.  The  cementing  substance  used  is  a 
mixture  of  Venetian  turpentine  and  shellac  boiled  down  to 
the  proper  consistency.  White  shellac  is  preferable  to  brown 
on  account  of  the  increased  transparency  but  the  white  stick 
shellac  is  often  impure  and  refuses  to  melt,  hence  it  is  best  to 
use  liquid  white  shellac.  The  tenacity  of  this  mixture  is 
greater  than  that  of  Canada  balsam  and  when  white  shellac  is 
used  may  often  be  left  under  the  section  when  finally  mounted. 
The  glass,  with  the  specimen  attached,  is  put  against  the  gauge 
which  is  then  moved  close  to  the  saw  so  that  it  almost  touches 
the  glass  at  the  base  of  the  specimen  and  is  also  adjusted  to 
parallelism.  The  saw  is  then  started  and  gently  pressed 
against  the  glass  while  the  longest  side  of  the  specimen  is  pre- 
sented to  the  cutting  edge;  as  the  saw  cuts  in,  the  glass  is 
slowly  turned  around  while  pressed  against  the  gauge,  until  a 
cut  is  made  completely  around  the  specimen,  when  the  central 
part  is  cut  through  and  the  slide  removed.  Where  many  per- 
sons use  the  same  machine,  it  is  impossible  to  keep  saw  and 
gauge  in  permanent  adjustment,   but  after  adjusting  them  to 
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parallelism  by  eye,  the  precaution  of  turning  the  slide  will 
f^enerally  keep  the  saw  from  cutting  througn  the  specimen 
into  the  glass.  The  saw  must  be  kept  wet  by  dropping  water 
or  by  a  sponge.  When  it  is  stated  that  slices  have  been  sawed 
in  the  laboratory  from  -^^  to  -j-^  of  an  inch  thick  it  will  be 
plain  how  easily  this  accident  may  happen  without  precautions, 
bnt  that  when  successful  this  method  saves  much  time  and 
labor  in  attaining  the  ultimate  thickness  (about  ^^  inch). 

The  Arc  Light  for  Projection, 

In  microscopic  projection,  especially  with  high  powers  and 
polarized  light,  the  lime-light  is  insuflScient  for  a  projection  of 
any  size,  while  with  the  arc  light,  objectives  of  4°"°^  focus  and 
less  can  be  used.  The  following  arrangements  are  made  in 
the  laboratory  for  this  purpose. 

A  1  Kilowatt  dynamo,  requiring  about  1^  H.  P.,  is  run  by 
a  belt  from  the  motor  in  the  basement  and  the  current  carried 
to  two  lecture  rooms  above.  At  full  load  the  dynamo  gives  18 
to  21  amperes  current  at  55  volts,  while  by  varying  tne  load 
and  regulating  the  current  to  the  fields,  from  80  to  0  volts  can 
be  obtained.  For  microscopic  projection  a  large  Zeiss  micro- 
photographic  apparatus  was  available,  but  any  petrographical 
microscope  with  condenser  and  water  chamber  can  be  used 
with  a  suitable  arc  lamp.  Special  projecting  microscopes  such 
as  those  made  by  Newton  &  Co.,  London,  are  said  to  give  ex- 
cellent results.  We  use  the  Schuckert  projection  lamp  which 
belongs  with  the  Zeiss  apparatus,  in  which  the  carbons  are  in- 
clined so  that  the  crater  of  the  positive  carbon  radiates  the 
light  to  the  condenser.  The  lamp  is  adjusted  for  45  volts  16 
amperes  but  runs  perfectly  with  50  volts  and  19  or.20  amperes 
giving  from  2500  to  3000  c.  p.  It  is  perfectly  steady  and 
self-regulating,  so  that  when  once  started  it  burns  without 
attention.  It  can  be  run  with  least  trouble  from  a  storage  bat- 
tery of  25  to  30  cells,  thus  avoiding  inequalities  of  current 
due  to  the  running  of  the  dynamo.  The  imported  carbons 
cost  about  5^  a  pair  and  burn  two  or  three  hours.  A  variable 
German  silver  wire  resistance  with  sliding  contact  is  intro- 
duced into  the  circuit  near  the  lamp,  so  as  to  give  some  con- 
trol over  the  current  in  case  of  variation  in  speed  of  the 
dynamo.  A  switch  throws  the  same  current  into  20  incandes- 
oent  lights  for  lighting  the  room  when  the  arc  is  not  in  use. 
With  this  arrangement  projections  of  rock  slides  in  polarized 
light  are  shown  to  the  class  in  illustration  of  the  lectures.  The 
screen,  which  consists  of  a  plaster  surface  cast  on  plate-glass 
9nd  mounted  in  a  frame,  stands  at  12  feet  from  the  microscope 
and  the  projections  are  then  about  2  ft.  6  in.  in  diameter,  cor- 
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responding  to  the  diaphragm  in  the  eye-piece,  while  with  the 
objectives  alone  they  are  of  course  much  larger.     Objectives 
■    are  used  ranging  from  3  inches  to  4™™  focus;  with  the  latter  it 
is  barely  possible  to  make  microfelsitic  structure  visible.     The 
rings  and  brushes  of  crystals  in  converging  polarized  light  and 
other  facts  of  optical   mineralogy  are  well  shown.     For  the 
projection  of  ordinary  lantern  slides  the  microscope  is  replaced 
)y  a  projecting  lens  and  slide  holder  and  at  this  short  distance 
the  light  is  so  powerful  that  the  projections  are  visible  by  ordi- 
nary daylight,  a  great  convenience  in  a  continuous  lecture. 
The  arc-lamp  is  also  used  for  this  purpose  in  a  large  lecture- 
room   with  a  great  gain  in  amount  of  light  and  convenience 
over  the  oxyhydrogen  light. 

The  lamp  is  also  used  for  microphotography  and  is  occa- 
sionally useful  in  other  ways.  The  dynamo  current,  properly 
regulated  can  be  used  in  place  of  the  usual  battery  for  excit- 
ing the  electro  magnet  in  the  magnetic  separation  of  the  iron- 
bearing  minerals  of  rocks,  with  the  advantage  of  easy  variation 
in  the  strength  of  the  pull  exerted. 

Harvard  University,  Petrographical  Laboratory,  Feb.,  1894. 


Art.  XXXIX. — Diversity  of  the   Glacial  Drift  along  its 

Boundary ;  by  Warren  Upham.* 

Recency  and  probable  Brevity  of  the  Glacial  period. — The 
recession  of  the  ice-sheet  at  the  end  of  the  Glacial  period  in 
the  northern  United  States  and  Canada  and  in  Great  Britain 
seems  to  have  been  separated  from  the  present  day  by  a  Post- 
glacial or  Kecent  epoch  of  only  about  6,000  to  10,000  years,  as 
made  known  by  the  observations  and  reasoning  of  N.  H. 
Winchell,  Gilbert,  Andrews,  Wright,  Mackintosh,  Prestwich, 
and  others.  This  conclusion,  and  the  uniqueness  of  the  Ice 
age,  standing  quite  alone  as  a  strange  episode  of  geologic  his- 
tory, unexampled  besides  in  all  the  very  long  Cenozoic  and 
Mesozoic  eras,  forbid  our  longer  reliance  upon  the  once  gene- 
rally accepted  astronomic  theory  of  Croll,  Geikie,  and  JSall, 
that  the  accumulation  of  the  ice  sheets  was  due  to  terrestrial 
conditions  springing  from  the  earth's  relations  to  the  sun  dur- 
ing a  period  of  increased  eccentricity  of  the  earth's  orbit  from 
about  240,000  years  to  80,000  years  ago.  Dr.  CroU's  theory 
supposed  glacial  epochs  to  recur  alternately  in  the  northern 
and  southern   hemispheres  each  21,000  years  during  the  astro- 

*  A  paper  presented  before  the  Geological  Society  of  America  at  the  Boston 
meeting,  Dec.  29,  1893. 
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nomic  period  mentioned,  giving  seven  or  eight  epoclis  of 
glaciation  and  as  many  iuterglacial  epochs  when  the  ice-sheets 
were  melted  away;  but  continuous  temperate  conditions  simi- 
lar to  those  of  the  present  would  have  prevailed  during  the 
past  50,000  years  or  more.  The  recency  of  the  date  marking 
the  close  of  the  Ice  age  is  inconsistent  with  the  astronomic 
theory.  But  under  the  fruitful  incentive  of  that  theory  many 
glacialists  in  Europe  and  America  have  interpreted  their  obser- 
vations as  establishing  the  recurrence  of  glacial  and  inter- 
glacial  epochs  which  it  suggested  ;  and  some  who  distrust  or 
reject  astronomic  causes  for  the  Ice  age  continue  to  hold  this 
interpretation  of  the  records  of  the  glacial  drift. 

Looking  through  the  long  past  ages  previous  to  the  Pleisto- 
cene, we  come  to  no  time  affording  evidences  of  widely  ex- 
tended glaciation,  probably  affecting  continental  areas,  till  we 
pass  back  at  least  many  million  years.  Only  one  earlier  stage 
of  the  earth's  changes  was  attended,  so  far  as  geology  can  tell 
us,  with  the  envelopment  of  large  land  areas  beneath  ice- 
sheets,  and  this  was  in  the  Permian  period,  closing  the  Paleo- 
zoic era.  It  was  a  time  of  great  orogenic  and  epeirogenic 
changes ;  and  I  think  that  then,  as  in  the  Pleistocene  Ice  age, 
the  accumulation  of  thick  sheets  of  land  ice  was  due  to  great 
epeirogenic  uplifts  of  those  areas  so  high  as  to  give  them  a 
cool  climate  and  chiefly  snowfall  instead  of  rainfall  through- 
out the  year.  If  extensive  glaciation  has  been  so  rare,  shall 
we  readily  believe  that  during  the  geologically  very  short 
Quaternary  or  Psychozoic  era  there  have  been  two  or  three  or 
several  Glacial  epochs?  More  probably,  as  I  think,  we  shall 
find  all  the  diverse  phases  of  our  glacial  drift  referable  to  a 
single  and  continuous  Ice  age;  and  the  very  slight  changes  of 
marine  molluscan  faunas  during  this  age  implies  its  excep- 
tional brevity  in  comparison  with  any  of  the  preceding  periods 
recognized  by  geologists. 

Harlier  and  Later  Drift  7iear  its  boundaries  in  the  Missis- 
sippi basin, — The  admirable  work  of  Profs.  ChamberJin  and 
Salisbury  on  the  Wisconsin  driftless  area  and  farther  south  in 
the  Mississippi  basin  discriminates  earlier,  mostly  thin,  and 
later,  thick  and  morainic,  varieties  of  the  drift  border.  These 
differ  widely  in  their  volume  of  drift,  in  its  constituent  mate- 
rial, and  in  the  times  of  its  deposition.  Along  the  greater 
part  of  the  boundaries  of  the  drift  on  those  areas,  it  terminates 
in  an  attenuated  border,  slowly  thinning  out  and  presenting 
considerable  difficulty  for  the  recognition  and  mapping  of  its 
limits.  Indeed,  it  is  apt  to  occur  on  its  outermost  tracts  in 
low  and  thin,  smooth  patches,  more  or  less  isolated,  and  these 
are  thought  to  represent  in  large  degree  the  original  method 
of  deposition,  not  being  a  result  of  subsequent  erosion.    These 
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drift  deposits  belong  to  the  time  of  maximam  ice  advance, 
and  are  much  earlier  than  the  marginal  moraines  of  thick  and 
irregularly  knolly  and  hilly  drift  which  were  accnmnlated 
when  the  ice-sheet  terminated  farther  north.  There  was,  how- 
ever, in  some  districts,  as  Mr.  Frank  Leverett  has  found  in 
Illinois,  a  special  massing  of  the  early  drift  upon  a  belt  near 
its  boundary.  In  general  the  drift  border  is  attenuated,  but 
occasionally  its  thickness  in  the  outermost  five  miles  attains  a 
maximum  of  50  feet ;  and  several  times  as  much  drift  is  found 
on  that  belt  as  in  the  adjacent  drift-bearing  belt  5  to  20  miles 
farther  back  within  the  glaciated  area. 

In  this  great  region  of  smoothly  spread  early  till,  compris- 
ing large  expanses  on  both  sides  of  the  Mississippi  River, 
there  was  very  scanty  glacial  erosion  of  the  bed  rocks.  An 
area  of  16,500  square  miles  in  northeastern  Iowa,  according  to 
McGee,  has  nearly  everywhere  a  small  thickness  of  the  pre- 
glacial  residuary  clay  and  decaying  rock  still  remaining  beneath 
the  universal  mantle  of  the  drift,  which  is  principally  till,  the 
product  of  an  overriding  ice-sheet.  McGee  further  notes  that 
nearly  all  of  the  bowlders  and  smaller  rock  fragments  of  that 
till  in  both  its  lower  and  upper  deposits,  and  by  inference  also 
its  finer  sandy  and  clayey  matrix,  were  derived  from  forma- 
tions lying  north  of  the  limits  of  Iowa.  Bringing  much 
drift,  the  ice-sheet  twice  advanced  upon  this  area.  Its  first 
advance  did  not  erode  even  so  much  as  the  thin  preglacial 
residuary  products  of  secular  rock  decay  and  denudation, 
which  are  found  to  average  about  seven  feet  in  depth  on  the 
adjacent  Wisconsin  driftless  area.  Between  the  two  ice  incur- 
sions a  forest  grew  on  the  land,  and  its  fallen  trees  and  peaty 
swamps  were  left  upon  many  townships  almost  intact,  as  is 
known  by  the  forest  beds  found  in  digging  wells,  while  the 
later  ice  advance  covered  them  with  a  second  sheet  of  till, 
which  is  mostly  from  3  or  5  to  10  or  20  feet  thick  and  in  some 
places  is  probably  as  much  as  80  feet  thick. 

The  feeble  eroding  action  of  the  ice-sheets  depositing  the 
smooth  expanses  of  the  outer  and  earlier  drift  is  remarkably 
contrasted  with  the  vigor  of  erosion  displayed  by  the  planed 
and  striated  rock  surface  of  the  areas  enclosed  by  the  later 
marginal  moraines.  When  the  ice-sheets  heaped  these  mo- 
rainic  hills  it  wore  into  its  adjacent  rock  bed  and  accomplished 
much  rock  erosion  upon  all  the  region  of  the  later  and  uneven 
drift,  which  encloses  lakes  and  lakelets,  reaching  northward 
from  the  outermost  large  and  continuous  moraine  and  cover- 
ing the  far  greater  part  of  our  drift-bearing  area. 

Portions  of  the  Drift  Border  formed  hy  Marginal  Mo- 
raines of  the  Later  DHft  adjoining  the  Wueonsin  Driftless 
Area  and  in  the  eastern  United  States, — Along  a  distance  of 


W.  Ujpham — Diversity  of  the  Gloudal  Drift         861 

about  80  miles  on  the  east  side  of  the  driftless  area  in  Wis- 
consin the  magnificently  developed  Kettle  moraine,  belonging 
to  a  late  part  of  the  Ice  age,  forms  the  extreme  border  of  the 
drift.  Its  correlation  or  continuation  in  Minnesota,  Iowa,  and 
South  and  North  Dakota,  is  probably  the  Altamont  moraine, 
the  outermost  of  the  series  of  twelve  approximately  parallel 
successive  retreatal  moraines  which  I  have  explored  and 
mapped,  under  the  direction  of  Prof.  N.  H.  Winchell,  for  the 
Minnesota  Geological  Survey.  Near  Des  Moines  in  central 
Iowa  this  Altamont  or  first  moraine  of  the  Minnesota  series, 
there  forming  the  southern  extremity  of  an  area  of  the  later 
drift  deposited  by  the  Minnesota  and  Iowa  lobe  of  the  ice- 
sheet,  lies  175  miles  north  of  the  southern  boundary  of  the 
drift  in  its  course  through  Missouri  and  northeastern  Kansas. 
Within  the  Mississippi  basin  the  ice  sheet  forming  the  Kettle 
and  Altamont  moraines  occupied  less  area  by  125,000  square 
miles  than  was  enveloped  by  the  ice  forming  tlie  earlier  drift. 
But  while  there  had  been  in  general  this  great  decrease  in  the 
extent  of  the  ice  previous  to  the  accumulation  of  the  outer 
large  moraine,  it  even  advanced  at  that  time  farther  than  ever 
before  upon  the  east  side  of  the  Wisconsin  driftless  area. 

In  the  eastern  United  States,  the  outer  moraine  along  an 
extent  of  about  700  miles,  from  the  Scioto  basin  in  Ohio  to 
Martha's  Vineyard  and  Nantucket,  stands  upon  the  boundary 
of  the  drift  or  very  near  it.  At  its  time  of  maximum  exten- 
sion the  ice-sheet  in  this  region  generally  reached  a  short  dis- 
tance, from  a  few  miles  up  to  twenty  miles  or  more,  beyond 
the  position  .  of  the  moraine.  Besides  this  remarkable  differ- 
ence from  the  drift  of  the  Mississippi  basin,  it  must  be  con- 
fessed -that  we  cannot  yet  be  sure  that  this  outer  moraine,  at 
least  eastward  from  the  angle  of  the  drift  boundary  in  south- 
western New  York,  is  to  be  correlated  with  the  Kettle  and 
Altamont  belt.  Following  a  suggestion  or  query  of  Mr. 
Leverett,  I  incline  to  believe  that  quite  as  likoly  it  may  belong 
somewhere  within  the  time  of  the  very  large  Fergus  Falls, 
Leaf  Hills,  and  Itasca  moraines,  which  are  the  eighth,  ninth 
and  tenth  of  the  series  in  Minnesota. 

OsdUations  of  the  Boxmdary  and  Changes  in  the  Thick- 
ness  and  Currents  of  the  Ice-sheet  during  its  general  Recession, 
— The  great  contrast  between  the  glacial  retreat  from  north- 
eastern Kansas  to  Des  Moines  and  the  contemporaneous 
encroachment  of  the  ice  upon  the  eastern  side  of  the  Wisconsin 
driftless  area  seems  to  be  accounted  for,  in  part  or  wholly,  by 
interdependence  of  snowfall  at  the  east  with  rains  and  ice 
melting  at  the  west.  While  the  ice  was  being  melted  away  by 
rains  and  sunshine  over  its  125,000  square  miles  that  had  been 
uncovered   south   and   west   of  central  Wisconsin,   the   east- 
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wardly  moving  air  currents,  abundantly  laden  with  n[ioisture 
from  that  region,  were  chilled  in  their  farther  progress  over 
the  ice-sheet  north  and  east  of  the  driftless  area,  and  there 
gave  exceptionally  heavy  snowfalls,  permitting  that  part  of 
the  icesheet  to  grow  thick  and  high,  with  only  slight  reces- 
sion. At  last,  when  there  came  a  temporary  general  reversal 
of  the  warm  climate  under  which  the  ice-sheet  had  been  mainly 
retreating,  its  halt  or  re-advance  producing  the  first  of  the 
prominent  moraines  carried  the  ice-front  in  Wisconsin  forward 
upon  a  part  of  the  area  which  previously  had  no  drift. 

During  the  great  recession  of  the  ice  in  the  Mississippi  basin, 
it  probably  withdrew  much  less,  perhaps  mostly  from  ten  to 
thirty  or  forty  miles,  in  Ohio,  Pennsylvania,  northern  New 
Jersey,  and  Long  Island,  and  south  of  Rhode  Island  and 
eastern  Massachusetts.  Meanwhile,  as  in  eastern  Wisconsin,  it 
had  grown  thicker  than  during  its  time  of  maximum  area, 
and  the  sudden  and  short  climatic  changes  leading  to  the 
formation  of  the  moraines  allowed  the  ice  in  the  eastern  states 
to  flow  out  again  almost  to  its  earlier  limit,  and  in  some  places 
even  beyond  it.  Considering  how  nearly  coincident  the  earlier 
and  later  drift  boundaries  are  for  this  long  distance  from  the 
Scioto  River  in  Ohio  eastward,  we  naturally  feel  much  reluc- 
tance against  referring  them  to  distinct  epochs  of  glaciation 
separated  by  a  long  interglacial  time,  as  some  have  supposed, 
when  the  ice-sheet  made  a  long  retreat  to  the  north  or  was 
wholly  melted  as  now  from  this  continent.  It  seems  to  me 
more  reasonable  to  appeal,  as  Prof.  James  D.  Dana  has  re- 
cently done,^  to  meteorological  differences  between  the  Mis- 
sissippi basin  and  the  eastern  states,  whereby  comparatively 
long  glacial  retreats  and  re-advances  could  take  place  at  the 
west  while  in  the  east  the  ice-border  more  steadily  remained 
near  the  drift  boundary. 

What  shall  be  said,  consistent  with  this  view,  concerning  the 
extra-niorainic  drift  in  New  Jersey,  some  of  which  occurs 
more  markedly  in  isolated  patches  than  any  of  the  early  drift 
before  noted  in  the  Mississippi  basin  {  Prof.  Salisbury  esti- 
mates that  a  very  long  time  of  ordinary  subaerial  erosion  inter- 
vened between  the  times  of  deposition  of  the  earlier  and  later 
drift  in  New  Jersey,  so  that  the  denudation  of  the  land  had 
removed  the  greater  part  of  the  earlier  drift,  leaving  only  its 
present  patches  on  the  extreme  boundary,  before  the  late 
moraine-producing  ice  advance.  If  this  is  a  needful  explana- 
tion, it  goes  far  toward  establishing  a  longer  and  probably 
more  complex  history  of  the  Ice  age  than  the  view  taken  in 
this  essay.  It  seems  to  me,  however,  that  the  manner  of  trans- 
portation and  deposition  of  that  early  drift  may  explain  its 

♦This  Journal,  III,  vol.  xlvi,  pp.  327-330,  Nov.,  1893. 
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uneven  distribution.  The  early  accumulation  and  advance  of 
the  ice  to  its  extreme  limits  gave  a  comparatively  thin  ice-sheet 
with  feeble  erosive  action  on  all  the  outer  part  of  the  drift- 
bearing  area.  Its  drift  there  was  nearly  all  brought  from  con- 
siderable distances  at  the  north  and  was  deposited  in  obedience 
to  the  glacial  currents  of  the  marginal  portions  of  the  ice- 
sheet.  Now  we  have  upon  many  districts  of  the  thick  later 
drift  the  remarkable  aggregations  of  the  till  called  drumlins, 
which  appear  to  have  Been  amassed  by  convergent  currents  of 
the  ice-sheet  during  its  retreat."^  Similar  selective  action  of 
the  outflowing  early  ice  advance  close  to  its  farthest  limits  I 
think  to  have  amassed  that  outermost  early  till  in  the  patches 
where  it  is  now  found,  having  received  little  change  by  later 
erosion. 

The  well  oxidized  and  leached  condition  of  the  early  outer 
drift  everywhere  is  easily  referred  to  its  derivation  chiefly 
from  the  preglacial  residuary  clays,  decaying  rocks,  weathered 
rock  cliflFs  and  tors,  and  bowlders  of  secular  disintegration. 
Again,  its  smoothed  surface,  without  the  inequalities  of  accu- 
mulation which  provide  basins  for  the  myriad  lakes  and  lake- 
lets of  the  later  drift,  seems  attributable  to  the  gentle  currents 
of  the  early  thin  ice-sheet,  in  contrast  with  which  the  late 
thick  ice  powerfully  eroded  its  rock  bed,  even  close  to  the 
boundary,  and  tumultuously  heaped  or  very  irregularly  spread 
its  drift  with  many  lake-enclosing  hollows. 

Forest'  beds  between  deposits  of  till  in  northeastern  Iowa, 
and  in  portions  of  other  states  of  the  Mississippi  basin,  testify 
of  glacial  recessions  and  re-advances,  the  ice-sheet  probably 
recovering  at  some  times  marginal  belts  from  50  to  100  or 
200  miles  wide  of  its  previously  lost  ground.  These  great 
oscillations,  however,  need  not  have  required  a  very  long  time, 
certainly  no  more  than  a  few  thousand  years  for  them  all,  as 
we  may  well  learn  from  Prof.  I.  C.  Russell's  observations  of 
the  drift-enveloped  and  forest-clad  borders  of  the  Malaspina 
ice-sheet  between  Mt.  St.  Elias  and  the  ocean. 

Amid  the  waverings  of  the  retreating  ice,  often  large  chan- 
nels were  cut  in  the  early  drift  and  became  covered  and  par- 
tially filled  by  the  later  drift.  In  southern  Minnesota  these 
old  water-courses  are  recognized  as  far  northward  as  the  Min- 
nesota river  valley,  considerably  to  the  north  of  all  our  re- 
corded observations  of  forest  and  peat  beds  enclosed  in  the 
till  sheet.  They  seem  to  have  been  probably  rapidly  eroded 
when  the  altitude  of  the  country  and  its  slopes  of  descent 
from  north  to  south  were  greater  than  now.  The  few  thou- 
sand years  which  are  here  regarded  as  the  time  of  the  fluctua- 

*"  Conditions  of  Accumulation  of  Drumlins,"  Am.  Geologist,  vol.  x,  pp.  339- 
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tions  of  the  ice-front  recorded  by  the  forest  beds  appear  to  be 
ample  for  the  attendant  stream  channelling. 

Farther  northward,  along  the  700  miles  of  length  of  the 
glacial  lake  Agassiz  the  retreat  of  the  ice-sheet,  with  the  forma- 
tion of  numerous  large  moraines,  was  demonstrably  very  rapid, 
occupying  apparently  no  more  than  one  thousana  years.*  In 
all.  I  believe  that  a  duration  of  five  thousand  years  is  sufficient 
to  account  for  the  records  of  the  waning  and  closing  stages  of 
the  Ice  age,  from  the  time  of  the  maximum  area  of  the  ice- 
sheet  depositing  the  early  drift  to  the  time  when  Lake  Agassiz 
was  drawn  off  into  Hudson  Bay  and  the  northern  United 
States  and  Canada  were  freed  from  their  glacial  mantle  and 
occupied  by  hunting  and  fishing  tribes  of  the  red  race,  who 
have  abode  here  with  many  intertribal  wars  and  migrations 
during  the  5,000  years  or  more  since  the  departure  of  the  ice. 
A  very  large  part  of  my  belief  that  these  oscillations  and  im- 
portant changes  of  the  currents  of  the  ice-sheet  daring  its 
recession  were  comprised  within  a  time  geologically  so  short, 
comes  from  my  studies  of  the  shore  erosion  and  beach  accumu- 
lations of  Lake  Agassiz,  and  of  great  changes  in  the  relations 
of  the  northeastern  and  northwestern  convergent  ice-currents 
in  Minnesota  during  the  deposition  of  the  later  drift.f  These, 
I 'am  convinced,  took  place  fast,  in  a  geological  sense,  and  I 
am  persuaded  also  that  the  ice  oscillations  and  varying  condi- 
tions causing  the  diversity  of  the  drift  near  its  boundaries 
were  not  of  great  duration  and  are  referable  to  a  continuous 
and  brief  Ice  age,  not  divided  by  interglacial  epochs. 

Loess  deposition  mainly  continuous  from  the  time  of  maxi- 
mum,  ice  extension  to  the  time  of  formation  of  the  Moraines 
of  the  Later  Drift, — On  the  drift  border  in  southern  Illinois 
and  Indiana,  Prof.  R.  D.  Salisbury  finds  that  the  deposition  of 
the  loess  ensued  immediately  after  that  of  the  early  till  and 
was  in  part  contemporaneous  with  the  till.  As  soon  as  the 
ice-sheet  retired  from  its  farthest  limit  the  glacial  drift  was 
covered  by  this  tine  silt  of  the  modified  drift  supplied  by 
streams  that  flowed  from  the  melting  and  retreating  ice. J 

In  the  northeastern  part  of  Iowa  Mr.  W  J  McGee  similarly 
finds  the  loess  to  have  been  deposited  while  the  ice-sheet  that 
spread  the  upper  portion  of  the  early  till  was  melting  away. 
The  very  remarkable  paha  of  that  district,  which  are  eskers  of 
loess,  were  accumulated  while  the  waning  ice-sheet  walled 
them  in  on  each  side.§ 

*Geol.  and  Nat.  Hist.  Survey  of  Canada,  An.  Rep.,  new  series,  vol.  iv,  for 
1888-'89,pp.  50,  6 IE. 

t  Proc.  A.  A.  A.  S.,  vol.  xxxii,  for  1883,  pp.  231-234. 

X  Geol.  Survey  of  Arkansas,  Ann.  Rep.  for  1889,  vol.  ii,  "  The  Qeology  of 
Crowley's  Ridge"  (1891),  pp.  228,  229. 

§  U.  S.  Geol.  Survey,  Eleventh  An.  Hep.,  for  18S9--90,  pp.  435-471. 
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That  the  later  part  of  the  loess  deposition  was  contempo- 
raneous with  the  formation  of  the  prominent  Altamont  mo- 
raine of  the  later  drift,  I  ascertained  in  northwestern  Iowa, 
where  this  moraine  along  a  distance  of  75  miles,  from  Guthrie 
County  northwestward  to  Storm  Lake,  is  bordered  on  its  west 
side  by  an  expanse  of  loess  as  high  as  the  crests  of  the  mo- 
rainic  hills,  while  its  elevation  above  the  expanse  of  till  east- 
ward is  from  60  to  75  feet.  During  the  time  of  deposition  of 
this  part  of  the  loess  the  ice-sheet  reached  to  the  Altamont 
moraine  and  was  a  barrier  preventing  the  waters  by  which  the 
loess  was  brought  from  flowing  over  the  lower  area  of  till  that 
reaches  thence  east  to  the  Des  Moines  river.* 

These  observations  in  three  widely  separated  regions  prove 
that  the  loess,  like  the  coarser  portions  of  the  modified  drift 
forming  sand  and  gravel  plains,  was  in  progress  of  deposition 
upon  successive  areas  as  fast  as  the  ice-sheet  supplying  these 
stratified  drift  beds  receded.  Immediately  after  the  land  was 
bared  by  the  retreat  of  the  ice,  and  even  while  the  ice  itself 
occupied  the  adjoining  land,  the  loess  was  being  laid  down, 
contemporaneous  successively  with  the  earliest  till  on  the 
southern  limit  of  the  drift,  with  the  till  of  intermediate  age 
in  northeastern  Iowa,  and  with  the  later  till  enclosed  by  the 
Altamont  moraine. 

Such  being  the  well  demonstrated  origin  of  the  loess  and  its 
relations  with  the  earlier  and  later  glacial  drift,  it  seems  im- 
possible that  the  rock  gorges  described  by  Mr.  Oscar  H. 
Hershey  upon  the  area  of  the  early  drift  in  northwestern 
Illinois  can  have  been  eroded,  as  he  supposes,  between  the 
times  of  deposition  of  the  drift  and  of  tlie  loess.f  Instead,  I 
think  that  the  early  drift  there  and  its  closely  ensuing  loess  so 
filled  the  valleys  and  raised  the  streams  above  the  beds  of  the 
deep  preglacial  channels  that  in  the  places  noted  by  Mr. 
Hershey  the  streams  were  turned  aside  into  preglacial  courses 
of  small  tributaries  or  across  cols  of  plateau  tracts  which  had 
become  isolated  alongside  the  valleys  by  the  processes  of  ordi- 
nary land  erosion  and  general  weathering  with  rain,  rill,  and 
stream  sculpture.  This  view  brings  harmony  with  Prof.  Salis- 
bury's assignment  of  the  loess  upon  the  early  drift  region  to  a 
time  contemporaneous  with  the  retirement  of  the  ice-sheet 
from  its  farthest  boundaries. 

*  Geol.  and  Nat.   Hist.  Survey  of  Minnesota,   Xinth  An.  Rep.  for  1880,  pp. 
307-314,  338. 

f  Adj.  Geologist,  vol.  xii,  pp.  314-323,  Nov.,  1893. 
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Art.  XL. — An  Elementary  Expression  in  Thermo-electrics ; 

by  Carl  JBarus. 

1.  The  thermo-electric  equation  due  respectively  to  Avena- 
rius*  and  to  Tait,t  does  not  reproduce  the  observations  satis- 
factorily when  long  temperature  ranges  01000°  C.)  are  dealt 
with.J  Within  an  interval  of  a  few  hundred  degrees,  how- 
ever, the  equation  is  usually  in  good  accord  with  the  experi- 
mental results.  It  is  desirable,  therefore,  to  endeavor  to  find 
a  more  general  relation,  from  which  the  Tait  equation  may  be 
derived  as  an  approximation.  This  is  my  object  in  the  present 
paper.  I  have  tried  to  throw  some  light  on  the  subject  with- 
out explicit  reference  either  to  the  Peltier  or  to  the  Thomson 
effect,  and  in  a  deductively  experimental  way,  as  follows : 

2.  In  an  investigation  of  the  relation  between  the  thermo- 
electric power  and  the  specific  resistance  of  steel  varying  with 
hardness,  Dr.  Strouhal  and  I  found  a  linear  relation§  to  obtain. 
Some  90  states  of  hardness  were  examined,  all  tempered  with 
scrupulous  care.  I  have  since  endeavored  to  test  this  relation 
further,  by  making  as  many  different  platinum  alloys  as  I 
could  (54  in  all),  but  found]  that  marked  changes  of  specific 
resistance  (10-65  microhms)  were  as  common,  as  marked 
changes  of  thermoelectric  power  were  rare,  and  no  law  was 
apparent.  Nevertheless  I  am  unwilling  to  concede  that  the 
results  for  steel  in  their  bearing  on  the  subject  in  hand  are 
devoid  of  suggestion  ;  at  least  I  believe  that  the  relation  which 
holds  for  temper  will  also  hold  for  temperature  because  in  the 
latter  case  the  structure  of  the  metal  is  to  a  less  extent  inter- 
fered with. 

3.  When  long  ranges  of  temperature  are  considered  the  re- 
lation of  metallic  resistance*!  to  temperature  is  not  such  that 
its  nature  can  be  closely  enough  inferred,  experimentally. 
Electrolytic  resistance,  however,  presents  a  promising  case. 
The  thermal  variation  of  the  resistance  of  an  electrolyte,  as  I 
found  both  in  the  case  of  aqueous  solution^  (zinc  sulphate) 

» 

*Avenarius:  Poprj^.  Ann.,  cxix,  p.  406,  1868. 

f  Tait:  Trans.  R.  S.  Kdinbgh.,  xxvii,  p.  126,  1872-73. 

i  Prof.  Tait  does  not  claim  that  the  formula  will  do  so. 

§  Wied.  Ann.,  xi,  p.  969  et  seq.,  1880.  It  will  be  remembered  that  the  resist- 
ance of  hard  steel  is  3  to  4  times  as  large  as  that  of  soft  steel.  Cf.  Phil.  Mag., 
(5),  viii,  p.  341,  1879. 

II  Barus:  tins  Journal,  xxxvi,  p.  427,  1888;  Bull.  U.  S.  G.  S.,  No.  54,  pp.  143, 
146,  1889. 

^Thc  striking  results  of  Dewar  and  Fleming  (Phil.  Mag.,  xxxvi,  p.  271,  1893), 
from  which  an  absence  of  metallic  resistance  at  the  absolute  zero  of  temperature 
may  be  inferred,  are  rather  of  the  nature  of  an  initial  tangent  to  the  curve  above 
in  question. 
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under  pressure,*  and  in  connection  with  the  examination  of 
rock  magmasf  made  by  Prof.  J.  P.  Iddinffs  and  myself,  can  be 
reproduced  by  an  elementary  equation,  ar/dO  =  a—hr^  where 
r  aenotes  the  resistance,  6  the  temperature,  a  and  b  are  con- 
stants, and  where  a  is  probably  introduced  by  observational 
-errors. 

4.  Following  out  the  suggestions  of  §§2,  3,  I  tested  the  ele- 
mentary expression 

de/€ie  =  ^Ae        (1) 

where  e  may  be  called  the  thermoelectric  condition  of  an 
element  of  length  of  either  wire  of  the  couple,  at  the  temper- 
ature 0,  ^  is  a  specific  constant  for  the  metal,  and  may  be 
either  positive  or  negative. 

Let  &,  d^  be  the  temperatures  of  the  hot  and  the  cold  junc- 
tion, and  On  the  neutral  temperature  of  the  two  given  wires. 
Let  Bn  be  the  thermoelectric  condition  of  one  of  the  wires  at 
the  neutral  temperature  0^,     Then  (1)  leads  to  the  integral 

e        Aid  -(9) 

ir'  « 

there's  is  the  base  of  Napier's  logarithms.  Hence  if  the  two 
wires  of  the  couple  be  distinguished  by  accents,  the  parts 
which  the  hot  junction  contributes  to  the  total  electromotive 
force  E^  will  be 

e       A{e  -0)  e'       A\e^-e) 

—  =  £  ,  and  -r  =  f  ; 

en  en 

tind  the  cold  function  contributes, 

-^  =  f     "        ,  and  -r-  =  f 

^n  e  n 

Hence  since  the  observed  or  total  electromotive  force  is  ^  = 
^db^'— (^0  i:  O  ^^  ^^G  mo^\.  general  case  ;  and  since  e^  =  e\ 
by  definition,  therefore 

(3)  E=e,  ^^^iK-^  ^ /(e,-e)  _^Me,-e.)  ^A'(e-e.)-^Y 

which  is  the  equation  required.  With  reference  to  (3)  it  is  to 
be  noted  that  J.,  A\  ^„,  may  be  either  positive  or  negative  ; 
hence  the  exponents  may  represent  either  a  sum  or  a  difference. 
Again  if  ^^  be  the  temperature  at  which  ^  is  a  maximum  or 
minimum,  then 

AiS  -d  )         ,  A\B  -  ^  X 
Ae  ^"     "•^±^'6    ^"      "^=0,      ....     (4) 

whence  ^„  =  ^„4-    '~X'^^[r-' 

*  This  Journal,  xlii,  p.  134,  1891.  f  This  Journal,  xliv,  pp  242,  255,  1892. 
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5.  Now  to  show  that  equation  (3)  contains  Tait's  equation  as 
one  of  its  approximate  forms,  suppose  that  in  an  expansion  of 
the  exponentials  in  (3),  terms  involving  higher  powers  than 
the  second  can  be  rejected.     Then  (3)  leads  to 

(5)      E=  (tf-<?,)  (^'  ±  A'^)e,  {  -  (^l^+fl.)  +-^  I 

But  for  dE/dd  =  0,  ^  =  0^^  and  6^,  niay  therefore  be  found 
either  by  differentiating  (5)  or  by  expanding  (4).     Its  value  is 

Substituting  (6)  in  (5), 

(1)   .     .    .    .    E=  (6^0^)  (A^  ±  A'^)e^  j  ^  0^  +  —'  | . 

Since  {A^  dz  A''^)en  is  constant  for  the  given  couple,  and  since 
Ofn,  for  reasons  already  given,  §  4,  may  be  either  positive  or 
negative,  equation  (7)  is  identical  with  Tait's  equation. 

6.  Now  it  is  desirable  to  look  somewhat  more  in  detail  at 
the  physical  meaning  of  the  elementary  equation  (1).  In  my 
work*  on  the  thermal  variation  of  the  viscosity,  3y,  of  a  very 
viscous  body  like  marine  glue  I  found  that  the  elementary 
equation  din/dO  =  —  jff^,  where  0  denotes  temperature,  very 
fully  reproduced  the  results.  But  since  by  Maxwell's  theory 
of  viscosity^  ?y  is  immediately  dependent  on  the  conligurationaJ 
stability  of  a  body,  the  same  is  true  of  the  rate  drj/dO  at  which 
viscosity  varies  with  temperature.  Again  the  result,  men- 
tioned in  §3,  put  in  the  form  dr/dO  =  --hr  shows  that  like  the 
resistance  /•,  so  also  the  rate  dr/dO  at  which  resistance  de- 
creases with  temperature  is  immediately  dependent  on  the 
molecular  stability  of  the  electrolyte.  An  interesting  research 
of  Auerbach'sf  on  the  resistance  and  bulk  density  of  a  given 
metallic  powder  (silver)  is  particularly  suggestive  here.  He 
finds  dr/dd  =  —nr^  where  d  is  the  bulk  density  and  n  constant. 
Comparing  this  with  the  preceding  equation,  it  is  clear  at  once 
that  the  internal  contacts  are  similarly  increased  in  the  two 
cases.  I  therefore  infer  finally  that  equation  (1)  is  open  to  an 
analogous  interpretation,  viz:  that  the  thermoelectric  condi- 
tion e  of  an  element  of  length  of  the  thermocouple  is  directly 
related  to  the  molecular  stability  of  the  element.  In  other 
words  two  metals  are  thermoelectrically  identical,  when  the 
sign  and  the  number  of  avaUahle  molecular  paths  which  the 
current  (or  better  the  elementary  charge)  is  free  to  take,  is  the 

*  Proceedings  Am.  Acad.,  xxvii,  p.  13,  1892;  this  Journal,  xlr,  p.  87,  1893. 
f  Auerbach;  Wied.  Ann.,  xzviii,  p.  609,  1886. 
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same  in  both  metals ;  and  they  differ  thermoelectrically  when 
this  is  not  the  case.  If  the  transfer  of  charges  is  brought 
about  in  essentially  similar  ways  both  in  metals  and  in  electro- 
lytes,^ it  follows  that  the  available  paths  of  a  charge  must  be 
in  its  immediate  neighborhood. 

Long  ago  Wildf  pointed  out  that  bad  metallic  conductors 
were  apt  to  occupy  extreme  positions  in  the  thermoelectric 
scale,  relative  to  good  conductors.  An  analogous  but  much 
more  definite  result  was  brought  out  strikingly  in  the  investi- 
gations on  tempered  steel:]:  already  cited,  §2.  Indeed  we 
found  it  expedient  to  refer  all  our  thermoelectric  data  to  an 
imaginary  steel  rod  whose  specific  resistance  is  zero,  and  an 
independent  consideration§  then  showed  that  this  rod  would 
be  nearly  given  by  steel  (better  perhaps  by  iron)  cooled  down 
to  the  absolute  zero  of  temperature. 

7.  A  somewhat  pictorial  yet  nevertheless  interesting  devel- 
opment of  the  preceding  paragraphs  is  obtained  as  follows : 
From  its  mode  of  derivation,  the  thermoelectric  condition,  e, 
depends  on  the  state  of  electric  dissociation  at  the  given  point 
of  the  couple,  for  the  given  temperature.  Hence  it  is  con- 
ceivable that  a  current  in  the  wire,  and  e,  will  at  all  points  be 
reciprocally  related.  Indeed  a  serviceable  mechanism  for 
Peltier  and  the  Thomson  effects  is  apparently  near  at  hand. 
To  begin  with  the  former :  if  the  two  wires  of  the  couple  are 
thermoelectrically  active,  then  they  cannot  be  at  the  same  state 
of  dissociation.  If  therefore  a  current  crosses  the  junction,  it 
passes  suddenly  from  a  wire  in  a  lower  state  of  dissociation 
(say)  to  one  in  a  higher  state  ;  or  in  other  words  from  a  metal 
having  relatively  fewer  available  paths  to  one  having  relatively 
more  available  paths.  The  case  is  thus  closely  analogous  to 
that  of  a  fluid  passing  from  a  state  of  compression  suddenly 
into  a  state  of  dilatation,  whereby  heat  is  absorbed  because 
internal  work  is  done.  Conversely  if  the  current  pass  from  a 
metal  in  a  more  advanced  state  of  dissociation  to  one  in  a  lower 
state,  the  case  is  that  of  a  liquid  passing  from  greater  to 
smaller  bulk  and  heat  is  evolved.  Here  therefore  is  a  tangible 
mechanism  for  the  Peltier  effect :  for  if  it  be  admitted  that 
electricity  travels  in  definite  charges,  its  condition  in  a  given 
space  must  be  quite  as  atomic  |  as  the  matter  which  transports 
it,  and  heat  is  therefore  absorbed  or  given  off  in  marked  degree 
at  the  thermoelectric  junction  for  much  the  same  reasons  that 

*  Of.  J.  J.  Thomson :  Application  of  dynamics,  etc.,  p.  296,  and  others, 
t  Wild:  of.  Mousson  Physik,  III,  2d  ed.,  p.  387. 
Barus  and  Strouhal :  1.  c,  p.  62  et  seq. 
j  1.  c,  pp.  65,  92. 

y.  Helmholtzs  commenting  on  Faraday's  law :  ** .  .  .  gerade  so,  ais  ware  die 
Elektricitat  selbst  in  Atome  getheilt."    Berliner  Sitzungsberichte,  1883,  p.  651. 
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may  be  brought  forward  in  accountiufi:  for  the  thermal  effects 
of  the  expansion  of  the  metals  themselves. 

Again  since  in  virtue  of  the  character  of  e  the  same  state  of 
things  must  supervene  at  any  section  between  parts  of  the 
eame  wire  at  different  temperatures,  a  mechanism  for  the 
Thomson  effect  is  also  apparent  and  differs  from  that  of  the 
Peltier  effect  only  in  degree. 

If  the  current  passing  through  a  thermoelectric  junction  be 
spoken  of  as  having  a  certain  sectional  density  or  intensity  in 
each  of  the  wires,  it  is  clear  that  this  quantity  need  not  vary 
from  the  first  wire  to  the  second.  W  hat  has  varied  is  the 
number  and  the  internal  or  molecular  distribution  of  the  com- 
ponent paths.  The  postulated  expansion  is  a  configu rational 
change  within  the  fixed  bulk  of  the  wires.  An  example 
might  be  given  of  charges  traveling  bivalently  in  one  metal 
and  univalently  in  the  other,  though  I  do  not  wish  to  limit 
myself  to  such  a  case. 

8.  In  the  further  pursuit  of  the  subject  it  is  advisable  to 
proceed  from  a  different  point  of  view,  by  taking  advantage 
of  vant'Hoff's*  conception  of  a  solid  solution.  Seeing  more- 
over that  in  a  large  and  important  class  of  thermo-couples 
(iridio-platinum  and  other  platinum  alloys,  iron  and  steel,  etc.) 
the  metals  consist  of  what  may  be  regarded  as  two  different 
states  of  concentration  of  the  same  alloy,  Helmholtz'sf  results 
for  "  Concentrationsstrome  "  are  available,  particularly  in  the 
form  given  in  a  remarkable  paper  by  Nernst.J  Eliminating 
the  osmotic  pressures  in  the  usual  way,  an  equation  results  in 
which  the  electromotive  force  of  the  couple  is  expressed  in 
terms  of  the  concentrations  and  of  the  velocities  of  the  ions 
at  the  temperatures  of  the  junctions  together  with  those  tem- 
peratures. The  problem  then  consists  in  finding  the  condi- 
tions or  approximations  under  which  the  equation  reduces  to 
Tait's  form.  I  have  carried  this  out  obtaining  results  of  a  cer- 
tain degree  of  interest  but  not  enough  so  to  make  it  worth 
while  to  reproduce  the  long  computation  here. 

9.  In  closing  the  present  paper  I  had  hoped  to  make  a  test 
of  equation  (3)  above,  by  the  aid  of  data  obtained  in  a  direct 
comparison!  of  the  platinum-iridioplatinum  couple  with  the 
air  thermometer.  Moreover  as  the  corresponding  electromo- 
tive forces  of  this  couple  and  of  platinum-rhodioplatinum,  in 

*vant'Hoff:  Zeits.  Phys.  Chem.,  v,  p.  322,  1890.  Ideas  of  this  kind  seem  to 
have  originated  with  Matthiessen,  cf.  Rep.  Br.  Assoc.  1866,  p.  15,  and  Bulletin 
U.  S.  G.  S.,  No.  14,  1885. 

fHelmholtz:  Zur  Thermodynamik  chem.  Vorgange,  Verh.  d.  Berliner  Ak., 
July,  1882,  p.  489. 

JNernst:  Zeits.  Phys.  Chem.,  iv,  p.  129,  1889. 

gBarus:  Bull.  U.  S.  Geolog.  Survey,  No.  54,  p.  216et8eq.,  1889;  cf.  Phil. 
Mag.,  July,  1892,  p.  1. 
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their  variations  with  temperature  throughout  an  interval  of 
nearly  2000'^  centigrade  remain  strictly  linear  functions*  of 
each  other,  both  may  be  reasonably  looked  upon  as  evidencing 
a  clearly  pronounced  thermoelectric  law.  However,  in  the 
absence  of  a  set  of  tables  similar  to  Kulik'sf  for  the  catenary, 
the  labor  of  computation  becomes  so  great  as  to  be  almost  pro- 
hibitory. In  the  mean  time  I  have  therefore  contented  myself 
by  suitably  stretching  a  chain  across  the  chart  of  observed  re- 
sults (electromotive  force  in  terms  of  temperature)  for  iridio- 
platinum,  and  noting  the  essential  similarity  of  the  two  curves 
m  question. 

The  Smithsonian  Institution,  Washington,  D.  C. 


Art.  XLI. — Gases  in  Kilauea;   by  William  Libbey,  Jr., 
Professor  of  Physical  Geography,  Princeton,  N.  J. 

In  1865  Mr.  W.  T.  Brigham  called  attention  to  the  exist- 
ence of  certain  bluish-green  flames  which  broke  froni  the 
crust  of  Halemaumau  during  a  disturbance  of  its  slag-like 
surface. 

In  1887  Mr.  Emerson  of  the  Geological  Survey  of  the 
Islands  and  several  others  identified  these  same  flames.  They 
are  referred  to  in  Prof.  Dana's  book  upon  "  The  characteristics 
of  Volcanoes"  (p.  119)  as  being  pale  in  color  and  of  a  slightly 
greenish  color  rather  than  bluish.  This  corresponds  with  my 
own  observations.  In  order  to  test  this  matter  I  took  with  me 
upon  my  recent  visit  to  the  volcano  (Sept.  14th  to  25th,  1893) 
a  pocket  spectroscope.  I  did  not  imagine  that  I  should  have 
such  a  splendid  opportunity  or  I  should  have  taken  a  better 
instrument ;  however  the  little  spectroscope  did  good  service 
and  the  observations  may  possibly  lead  to  something  better 
later  on. 

I  spent  the  greater  part  of  three  evenings  down  on  the  edge 
of  the  boiling  cauldron  in  Halemaumau  and  the  observations  I 
made  were  repeated  many  times  so  that  I  have  every  confi- 
dence in  them.  As  to  the  conditions  I  may  say  that  they  were 
exceptionally  favorable.  The  surface  of  the  molten  lava  was 
so  high  during  the  whole  of  our  visit  that  it  could  be  reached 
with  an  ordinary  walking  stick.  The  volcano  seemed  to  be  in 
a  very  active  state  as  several  overflows  occurred,  and  the  ebul- 
lition from  what  appeared  to  be  three  centers  of  weakness  or 
disturbance  were  very  remarkable.  The  lava  was  thrown  into 
the  air  for  a  distance  of  40  to  50  feet  and  as  we  could  approach 

♦Barus:  Phil.  Mag.,  ixxiv,  p.  376,  1892. 

f  Kulik :  Theorie  und  Tafeln  der  Kettenlinie,  Prag,  1832. 
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these  fountains  quite  closely  in  two  instances,  we  could  form 
very  good  estimates  of  their  size  and  the  amount  of  lava  in- 
volved in  such  an  outbreak.  The  surface  for  a  considerable 
area  near  one  of  these  centers  (for  they  seemed  very  constant 
in  position)  would  sway  up  and  down,  at  first  gently  and  then 
more  violently,  particularly  in  the  neighborhood  of  the  inter- 
section of  the  fissures  which  were  constantly  forming  in  the 
crust  of  slag,  then  there  would  be  two  or  three  small  explosions 
accompanied  by  a  bumping  sound,  as  though  gas  had  escaped 
from  the  mouth  of  an  uncorked  bottle  ;  after  this  there  would 
be  a  great  rush  of  lava  into  the  air,  to  be  repeated  several 
times ;  when  the  surface  would  become  quiet  once  more. 

At  the  edge  of  this  cauldron,  1000  feet  in  diameter,  I 
placed  myself  after  dark  and  for  a  couple  of  hours  in  each 
instance  had  opportunities  nearly  every  five  minutes  to  ob- 
serve the  flames  which  almost  invariably  accompanied  these 
explosions.  At  times  they  would  make  their  appearance  along 
the  fissures,  in  the  crust  when  they  would  be  very  short  lived; 
and  I  failed  to  get  much  information  concerning  them,  aside 
from  the  fact  that  they  seemed  the  exact  counterpart  of  the 
hydrogen  flame  from  a  Buusen  burner. 

It  was  the  study  of  the  flames  which  accompanied  the  larger 
outbreaks  which  appeared  to  promise  most  return.  Getting  as 
near  as  possible  to  one  of  the  giant  fountains  (probably  50 
yards  distant)  1  watched  for  the  premonitory  symptoms  of  an 
outbreak  and  got  all  ready  for  it,  and  seldom  failed  to  catch 
indications  of  the  presence  of  gases. 

For  a  good  part  of  the  time  there  was  a  continuous  spec- 
trum while  the  spectroscope  was  directed  across  the  lava.  The 
fii*st  thing  that  impressed  me  was  the  sudden  appearance  and 
disappearance  of  broad  hands, oi  bright  light,  showing  conclu- 
sively the  presence  of  gas  burning  under  high  pressure.  The 
lo<3ation  of  these  bands  became  the  next  problem  and  then  I 
longed  for  a  better  instrument  with  a  micrometer  eyepiece. 
The  first  which  appeared  with  constancy  was  a  band  in  the 
green,  indicating  the  presence  of  carbonic  oxide  in  all  proba- 
bility. Then  I  found  on  other  occasions  bands  of  lighter 
intensity  in  the  red  and  blue,  and  the  red  and  purple  portions 
of  the  spectrum,  thus  apparently  marking  the  presence  of  the 
hydro-carbons.  There  were  also  occasionally  noticed  upon  a 
full  spectrum  a  large  series  of  dark  lines  in  the  yellow  and 
orange,  sometimes  completely  blotting  these  colors  out  of  the 
spectrum  altogether.  These  need  more  careful  study  before 
assigning  them  definitely  to  any  substance  or  substances. 

It  is  hoped  that  the  above  may  serve  to  indicate  a  point 
upon  which  valuable  work  can  be  done  and  that  some  one  will 
take  advantage  of  it  and  follow  the  subject  up. 
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Art.  XLIL — A  Simple  Method  of  Determining  the  Eccen- 
tricity of  a  Graduated  Circle  with  one  Vernier  ;  by  F.  L.  O. 
Wadsworth. 

In  certain  forms  of  instruments  intended  for  angular  meas- 
urements only  one  vernier  is  provided,  either  because  the 
graduated  arc  is  less  than  360°,  as  in  the  case  of  the  sextant, 
position  circle  and  other  instruments  of  that  class,  or  because, 
as  in  certain  forms  of  spectrometers,  in  which  the  vernier  is 
attached  to  the  arm  which  carries  the  view  telescope,  it  is  of 
advantage,  from  the  point  of  view  of  mechanical  simplicity  or 
convenience,  to  use  but  one.  Except  for  the  trouble  involved 
in  determining  and  applying  the  necessary  corrections  to  the 
reading  there  is  no  serious  objection  to  the  use  of  a  single  ver- 
nier, for  if  the  mechanical  work  is  reasonably  well  done  little 
change  may  be  expected  in  the  instrument  even  after  very 
considerable  use. 

In  this  case  however  it  becomes  necessary  to  determine  accu- 
rately the  errors  of  graduation — particularly  those  due  to 
eccentricity,  and  the  method  usually  resorted  to,  is  to  remeas- 
nre  with  the  instrument  whose  circle  it  is  desired  to  test,  a 
series  of  angles  whose  value  has  been  first  carefully  determined 
with  another  instrument  whose  constants  are  all  known.  This 
method  involves  a  very  considerable  amount  of  work  even  if 
rendered  possible  by  the  possession  of  a  suitable  instrument. 

Recently  the  writer  had  occasion  to  test  the  error  of  eccen- 
tricity of  the  graduated  circle  of  a  spectrometer,  of  the  class 
alluded  to  above,  and  as  no  other  instrument  was  just  then 
available  for  checking  its  angular  readings,  the  following 
simple  method  was  devised  for  this  purpose. 

A  piece  of  plane  parallel  glass  (an  ordinary  sextant  mirror) 
is  silvered  on  the  face,   a,  fig.  1,  and  mounted  on  the  prism 


stand,  or  on  a  bit  of  board  provided  with  three  leveling  screws, 
as  shown,  with  a  little  soft  wax  or  cement.  The  whole  is 
then  placed  on  the  spectrometer  table  and  the  mirror  face  set 
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perpendicular  to  the  plane  of  the  circle  in  any  convenient  way, 
say  by  adjusting  it  until  the  image  of  any  distant  object  as 
seen  by  reflection  from  the  silvered  surface  occupies  the  same 
position  in  the  field  of  the  observing  telescope  when  the  mirror 
is  either  in  the  position  shown,  or  is  turned  through  180°  as 
shown  by  the  dotted  lines. 

The  telescope  is  then  set  with  its  axis  perpendicular  to  the 
mirror  by  making  the  image  of  the  cross  wires  coincide  with 
the  wires  themselves,  the  wires  being  illuminated  for  this  pur- 
pose by  placing  a  small  piece  of  unsilvered  glass,  J,  in  front  of  • 
the  eyepiece  at  an  angle  of  about  45°  so  as  to  throw  the  light 
from  a  gas  flame  or  window  into  the  field  of  the  telescope. 
There  is  no  diflSculty  in  seeing  the  image  by  placing  the  eye 
behind  and  close  to  &.* 

The  single  vernier  attached  to  the  telescope  is  then  read, 
and  either  the  circle,  carrying  with  it  the  mirror,  or  the  tele- 
scope is  turned  through  180°  or  until  the  image  of  the  vertical 
cross  wire  as  seen  by  reflection  from  the  other  side  of  the 
silver  coat  (this  time  through  the  glass),  is  again  in  exact  coin- 
cidence with  the  wire  itself  and  a  second  reading  of  the  vernier 
taken.  If  the  unsilvered  face  of  the  mirror  is  parallel  to  the 
silvered  face  the  angle  through  which  the  telescope  or  circle  is 
turned  between  these  two  settings  will  be  just  180°,  if  they 
are  not  parallel  it  will  be  180  zfc  4^,  where  \ip  is  the  deviation 
due  to  the  prismatic  form ;  equal  approximately  to  \  the  angle 

f?  between  the  faces Usually  however  the  error  of  paral- 
elism  in  a  good  sextant  glass  is  not  more  than  5^^  and  the 
resulting  error  in  angle  consequently  only  2''  to  3'',  a  quantity 
smaller  than  the  venier  will  ordinarily  indicate.  It  larger 
however  the  effect  may  be  readily  eliminated  by  reversing  the 
glass  on  the  spectrometer  table,  repeating  the  settings  and  tak- 
ing the  mean  of  the  readings.  Then  if  e  be  the  eccentricity 
of  the  circle  and  Q  the  angle  between  the  0  of  graduation  and 
the  line  of  centers  of  rotation  and  graduation,  a  the  circle 
reading  for  the  first  setting,  ^  that  for  the  second  setting  .  .  . 
then  evidently 

m  =  true  angular  reading  for  \  st  setting  =  a  +  £  sin  (a'+  &) 
n=    "  "  "         *'     2d       "      =>S  +  f8in(l80  +  a-h^) 

m-n  =  180°  =  a— /?-^2e8in  (a  +  <?) 

J,  =  180°— (a— /5)  =  2£  sin  (a-\-6)  (1) 

If  now  we  take  a  second  set  in  which  the  first  reading  is  y  and 
the  second  8  we  have 

*  The  setting  of  the  mirror  perpendicular  to  the  plane  of  the  circle  and  of  the 
telescope  at  right  angles  to  the  mirror  is  readily  accomplishad  at  one  and  the 
same  operation,  for  the  telescope  can  first  be  set  perpendicular  to  the  mirror  face, 
the  latter  then  turned  through  ISO*'  and  the  vertical  difEerenoe  between  image 
and  cross  wires,  corrected,  half  by  adjustment  of  the  mirror,  half  by  the  adjust- 
ment of  the  telescope. 
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J^  =  i80-(;/— (J)  =  2esin  {y  +  0)  (2) 

If  the  second  set  is  made  with  the  faces  of  the  glass  at.  right 
angles  to  the  position  they  occupied  in  the  first  set  and  if 
farther  the  first  setting  is  made  when  the  circle  reads  0 ;  we 
have  simply 

tang  e=—  (3) 

In  case  the  graduated  arc  is  less  than  180^  the  eccentricity 
can  still  be  determined  by  the  same  method  by  the  use  of  two 
mirrors  mounted  together  on  a  single  block  as  shown  in  fig.  2. 

The  first  mirror  a  is  as 
before  a  sextant  glass  sil- 
vered on  one  side  and 
the  second  mirror  b  is 
placed  behind  it  and  in- 
clined to  it  at  a  small 
angle,  sufiScient  to  allow 
the  surface  oi  a  to  •  be 
Been  normally  bv  reflec- 
tion from  h  as  shown  by 
the  dotted  lines.  The 
mii:ror  a  is  first  set  per- 
pendicular to  the  plane  of 
the  divided  circle  and 
the   observing   telescope 

perpendicular  to  it  as  before.  The  second  mirror  is  then 
Drought  to  perpendicularity  to  the  axis  of  the  telescope  and 
to  the  divided  circle.  The  telescope  is  set  to  perpendicu- 
larity with  the  first  surface,  and  the  reading  of  the  circle 
taken,  then  to  perpendicularity  with  the  opposite  side  of  the 
same  surface  as  seen  by  reflection  from  h  and  a  second  reading 
taken. 

Using  the  same  notation  as  before, 

ni  =z  a-\-e  sin  (a  +  6) 
n  =  fi+6s\n(/3-\-d) 

Let  o)  denote  the  angle  between  the  two  glasses ; 

Then  m—n  =  2oo*  =  a—^  +  t  sin  (a  4-^)— sin  (a4-'2cw+^) 
2cw— J',  =  £sin  {a+d)—  sin  (a-\-2Q3-\-0)  (5) 

A  second  and  third  set  of  readings  taken  at  different  points 
on  the  same  circle  gives  the  two  additional  equations  necessary 
for  the  determination  of  the  three  unknown  quantities  ai,  e, 
and  0. 

♦If  the  glass  a  is  wedge-shaped  the  angle  m—n  will  not  be  exactly  2a>,  but 
2(<i»  ±  \^).    The  effect  however  is  the  same  as  if  the  angle  a  bad  been  changed 

to  6)'  =  6)  £  10. 
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2gd—J\  =  €  BID  (y-hO)  — f  sin  {y  +  2GJ-h6)  (6) 

2cw— J',  =  fsin  (^4-^)  — f  sin(^  +  2(»+^}  (7) 

If  the  settings  are  taken  by  repetition  so  that  y  =  a+2^  and 
if;  =  y-\-2a)  =  aH-4ai,  and  the  first  setting  is  made  when  the 
circle  reads  0,  we  have 

207— J\=  €s\n  6—€&\n{6-\-2(k)) 

200— ^\=  fsin  (0+2c»)— esin  (O+iao) 

2qo—A\—  fsin  (^4-407)  — £  sin  (^4-6(i7) 

If  many  arcs  are  to  be  tested  it  would  be  convenient  to 
have  a  prism  cut  to  a  convenient  angle  of  either  of  the  forms 
shown  in  fig.  3. 

In  the  first  of  these  forms, 
the  faces  «,  S,  c  are  polished 
and  a  and  h  are  silvered. 

In  the  second  form,  only 
the  two  adjacent  faces  a,  I 
are  polished  and  silvered. 

The  angle  2ft;  may  be  deter- 
mined carefully  once  for  all, 
and  the  number  of  sets  of 
readings  necessary  for  the 
determination  of  the  eccentricity  reduced  to  two,  as  only  the 
two  unknown  quantities  e  and  0  then  remain  to  be  determined. 
It  is  obvious  also  that  in  the  determination  of  the  eccen- 
tricity of  a  complete  circle  we  may  use  an  ordinary  60®  prism 
instead  of  the  plane  parallel  glass  silvered  on  one  side — the 
only  disadvantage  being  that  the  reduction  of  the  observations 
is  not  quite  so  readily  accomplished. 

If  we  know  the  angle  of  the  prism  (60°  ±5),  two  sets  of 
readings  only  are  necessary,  and  we  have 

J'  -2g7=  J,  =l€8in^->^  ecos^ 
and  for  a  second  set  90°  from  the  first, 

J,=  |£C08/?-L-  V 


Tvc^S 


£C08^+  -'^— £gin^ 
2 


whence 


and 


tang  6  = 


3A-V3"^i 


e  = 


If  the  angle  of  the  prism  is  not  known  three  sets  are  neces- 
sary and  the  resulting  equations  are  the  same  as  those  already 
deduced — (5),  (6),  (7) — from  which  the  values  of  the  three 
unknown  quantities  ft>,  e,  and  0  may  be  calculated  as  before. 

Astro-Physical  Observatory,  Smithsonian  Institution, 
Washington,  D.  C.,  January,  1894. 
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Art.  XLIII. — Transformations  of  Mechanical  into  Chemical 
Energy.  Third  Paper.  Action  of  Shearing  Stress  con- 
tinned;  by  M.  Carey  Lea. 

That  mechanical  energy  may  be  transformed  into  chemical, 
has  been,  I  believe  I  may  say,  well  proved  by  the  reactions 
described  in  the  previous  papers  of  this  series.  But  the  mat- 
ter is  one  of  sufScient  importance  to  make  it  desirable  to  accu- 
mulate evidence  and  to  obtain  a  solid  foundation  of  fact  on 
which  to  rest  the  argument. 

In  the  paper  which  described  the  effects  of  shearing  stress 
(this  Journal,  Dec.  1893),  I  was  able  to  cite  one  instance  only 
in  which  the  decomposition  product  was  obtained  in  easily 
weighable  quantities.  More  lately  others  have  been  obtained, 
among  them  one,  mercuric  oxide,  in  which  it  can  be  deter- 
mined how  many  units  (gram-meters)*  of  mechanical  energy 
have  been  transformed  into  chemical. 

Silver-oxide  precipitated  and  dried  in  the  absence  of  day- 
light is  soluble  without  residue  in  ammonia.  After  tritura- 
tion therefore,  the  unchanged  portion  is  easily  removed  by  that 
solvent. 

1.  Half  a  gram  of  silver-oxide  wholly  soluble  in  ammonia 
was  triturated  for  20  minutes  in  a  porcelain  mortar  the  un- 
changed portion  was  removed  by  ammonia,  the  residue  was 
treated  with  nitric  acid,  filtered,  and  the  silver  thrown  down 
by  hydrochloric. 

Silver  chloride  obtained '0402 

Corresponding  to  metallic  silver -0303 

The  use  of  a  porcelain  mortar  is  attended  with  the  disadvan- 
tage that  during  the  prolonged  and  forcible  grinding  necessary, 
a  very  appreciable  amount  of  material  is  removed  from  the 
mortar  and  pestle,  which  must  be  separated  from  the  product 
subsequently.  I  have  therefore  made  some  comparative  ex- 
periments with  a  large  agate  mortar  and  an  agate  pestle  pro- 
vided with  a  stout  wooden  handle  adapted  for  the  use  of  as 
much  force  as  with  a  porcelain  mortar.  But  even  under  the 
most  favorable  conditions,  the  efficiency  of  such  a  mortar  is  (as 
will  be  seen)  only  one-fifth  to  one-tenth  that  of  a  porcelain 
mortar  of  the  same  size.  This  is  largely  due  I  think,  to  the 
high  polish  which  is  very  unnecessarily  given  to  the  inside  of 
agate  mortars. 

It  is  therefore  better  to  make  use  of  a  porcelain  mortar,  tak- 
ing adequate  means  afterwards  to  separate  the  material  abraded. 
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2.  The  same  quantity  of  silver  oxide  was  triturated  also  for 
20  minutes,  in  an  agate  mortar.  As  the  abrasion  is  inappre- 
ciable it  was  only  necessary  to  dissolve  out  the  unchanged 
oxide  with  ammonia.    There  was  left 

Metallic  silver '0048 

• 

showing  the  much  less  efficiency  of  the  agate  mortar. 

Mercuric  Oxide, — The  specimen  taken  was  examined  for 
its  solubility  in  cold  dilute  (one-tenth)  hydrochloric  acid,  in 
which  it  dissolved  slowly  but  completely. 

Half  a  gram  was  taken  and  after  trituration  the  unchanged 
oxide  was  dissolved  out  by  repeated  digestions  with  hydro- 
chloric acid.  There  remained  mercurous  chloride,  a  trace  of 
metallic  mercury,  and  as  a  porcelain  mortar  was  used,  abraded 
porcelain.  The  reduction  products  were  dissolved  out  by  a 
lew  drops  of  aqua  regia,  were  filtered  and  precipitated  by 
hydrogen  sulphide. 

Mercuric  sulphide  obtained *0354 

Corresponding  to  Hg 'OSOS 

And  to  mercuric  oxide '0329 

This  therefore  (disregarding  the  traces  of  metallic  mercury),  is 
the  amount  of  mercuric  oxide  which  underwent  reduction  to 
mercurous  oxide. 

The  oxidation  of  mercury  to  mercurous  oxide  and  that  of 
mercurous  to  mercuric  are  both  exothermic  reactions.  As  re- 
spects the  thermic  equivalent  of  the  oxidation  of  mercury  to 
both  its  oxides,  quite  different  numbei's  have  been  found  by 
different  chemists.  Nevertheless  if  from  these  different  num- 
bers we  calculate  the  amount  of  heat  disengaged  by  the  com- 
bination of  HggO  with  O  we  get  almost  exactly  the  same  figures 
whether  we  use  Thomsen's  results  as  modi^ed  by  Nemst,  or 
those  of  the  French  chemists ;  it  matters  little  therefore  which 
are  taken.  Ditte  in  his  work  *'  Les  M6taux  "  (Fascicule  II,  p. 
500)  adopts  the  numbers  21*1  and  15*5  respectively. 

On  this  basis,  the  amount  of  energy  that  must  be  supplied  to 
convert  2HgO  to  Hg,0-i-0  (endothermic)  is  that  wnich  cor- 
responds to  9*9  great  calories.  Therefore  400  grams  of  mer- 
cury existing  in  the  state  of  mercuric  oxide  will  require  that 
amount  of  energy  supplied  to  reduce  it  to  mercurous  oxide. 
One  gram  therefore  will  require  the  equivalent  of  24*75  small 
calories  and  one  milligram,  '02475. 

In  the  experiment  described  mercurous  oxide  corresponding 
to  30*5  mgs.  metallic  mercury  was  obtained.  The  energy 
required  to  reduce  30*5  mgs.  existing  as  mercuric  oxide  to 
mercurous  corresponds  to  0*755  water  gram  degrees  and  this 
again  to  321*5874  gram  meters.     This  number  therefore,  322 
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gram  meters,  represents  the  amount  of  mechanical  energy 
'transformed  into  chemical  energy  in  the  above  operation. 

Potassium  Ferricyanide. — A  good  method  of  obtaining 
this  salt  absolutely  free  from  ferrocyanide  is  to  dissolve  the 
commercial  product  in  hot  water  and  add  a  little  potassium 
permanganate  by  degrees  until  the  solution  takes  a  faint  red- 
dish color.  Very  little  is  usually  required.  The  solution  is 
then  filtered  and  crystallized,  taking  the  first  crystals  only. 

Ferricyanide  purified  in  this  way,  was  triturated  about  20 
minutes  in  an  agate  mortar.  On  adding  water  a  deep  green 
solution  was  obtained  which  by  standing  and  warming  let  fall 
abundance  of  a  blue  powder. 

Ferric  Ammonia  Alum, — A  specimen  of  this  salt  which, 
when  tested  with  potassium  ferricyanide  gave  a  pale  wine  col- 
ored solution  without  a  trace  of  green,  was  taken  and  3  deci- 
grams were  triturated  for  25  minutes  in  a  porcelain  mortar. 

After  trituration  the  ferrous  salt  formed  distinctly  reduced 
gold  solution.  A  few  drops  of  the  dissolved  substance  being 
added  to  a  solution  of  ferricyanide  changed  it  to  an  intense 
green  color.  Undoubtedly  reduction  had  taken  place.  It 
need  scarcely  be  mentioned  that  in  this  case  the  tests  should  be 
applied  immediately  after  the  trituration.  A  few  hours  inter- 
val completely  changes  the  reactions  owing  to  the  re-oxidation 
of  the  ferrous  salt  formed. 

This  experiment  was  repeated  with  additional  precautions. 
To  a  strong  solution  of  ferric  ammonia  alum,  enough  potash 
permanganate  was  added  to  distinctly  color  the  liquid  which 
was  then  made  to  crystallize  quickly  by  cold.  These  crystals, 
certainly  free  from  ferrous  salt,  were  then  actively  triturated 
in  a  porcelain  mortar  for  25  minutes.  The  filtered  solution 
produced  immediate  purple  clouds  in  a  cold  very  dilute  solu- 
tion of  gold  chloride  and  an  abundant  blue  precipitate  in  one 
of  potassium  ferricyanide. 

It  is  essential  that  the  ferric  alum  be  thoroughly  dried  (at  a 
temperature  not  exceeding  40°  C),  otherwise  owing  to  the  large 
quantity  of  water  of  crystallization  it  will  become  pasty  in 
grinding  and  then  no  reduction  will  take  place. 

Cujpric  Chloride. — Even  by  long  trituration  this  salt  showed 
no  indication  of  reduction. 

This  reaction  taken  with  the  preceding  shows  how  distinct 
is  the  action  of  mechanical  energy  from  that  of  heat.  For 
cupric  chloride  is  reduced  by  heat  to  cuprous  chloride,  but 
shearing  stress  has  no  such  action.  On  the  other  hand  shear- 
ing stress  reduces  ferric  sulphate  which  heat  does  not. 

Sodium  Chloraurate. — In  the  previous  paper,  the  effect  of 
triturating  this  salt  in  a  porcelain  mortar  was  given.  For  com- 
parison it  has  since  been  tried  in   an   agate   mortar.      With 
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20-25  minutes'  trituration,  3  decigrams  gave  2*7  milligrams 
metallic  gold,  showing  as  in  other  cases  the  much  lower  effi- 
ciency of  the  agate  mortar. 

Silver  Carbonate. — Half  a  gram  was  triturated  about  25 
minutes  in  a  porcelain  mortar.  It  darkened  much.  The  un- 
altered carbonate  was  dissolved  out  by  exhausting  repeatedly 
with  ammonia.  The  residue  was  treated  with  nitric  acid,  fil- 
tered and  the  silver  thrown  down  by  hydrochloric  acid.  It 
amounted  to  11  milligrams  corresponding  to 

Metallic  silver '0083 

Silver  Sulphite  was  precipitated  in  a  dark  room  by  alkaline 
sulphite  and  treated  in  the  same  manner  as  the  foregoing. 
Silver  chloride  obtained  '0092  corresponding  to 

Metallic  silver -0069 

Silver  compounds  although  easily  giving  weighable  results, 
are  not  well  suited  for  determining  the  transforniation  of 
energy  that  takes  place.  It  is  probable  that  the  reduction  is  to 
argentous  salt,  but  it  is  not  certain.  Ammonia  decomposes 
argentous  salts  into  argentic  salts  that  dissolve  and  metallic 
silver  that  remains.  So  that  whether  we  consider  the  reduc- 
tion as  being  to  argentous  salt  or  to  metal,  in  either  case  we 
find  the  same  quantity  of  metallic  residue  after  treatment  with 
ammonia  and  cannot  distinguish  with  certainty. 

It  scarcely  needs  to  be  said  that  the  object  of  these  various 
determinations  is  not  to  establish  any  relation  between  the 
quantity  of  substance  taken  and  the  amount  of  decomposition 
that  ensues,  for  none  exists.  It  often  happens  that  when  a 
larger  quantity  is  taken  there  results  a  diminished  decomposi- 
tion product,  the  particles  protect  one  another.  And  even 
when  all  other  things  are  equal  the  product  will  depend  on  the 
activity  and  dexterity  with  which  the  grinding  is  done. 

But  what  is  really  important  is  that  the  amounts  obtained 
enable  us  in  particular  cases,  to  determine  the  exact  amount  of 
mechanical  energy  which  has  been  transformed. 


In  concluding  this  paper,  two  cases  will  be  mentioned  which 
do  not  belong  to  the  above  category,  inasmuch  as  the  reductions 
are  exothermic.  As  a  general  rule,  to  cause  substances  to  part 
with  oxygen,  energy  must  be  supplied,  but  there  are  excep-. 
tions.  Auric  oxide,  for  example,  disengages  heat  in  parting 
with  oxygen  and  the  same  is  the  case  with  potassium  perman- 
ganate. 
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Auric  Oxide. — As  just  said  the  reduction  of  auric  oxide  is 
exothermic.     Thomsen  found  the  equation  for  its  formation 

2Au  +  30  +  3H,0  =  2 Au(OH),-  2  x  6-6C 

The  production  therefore  of  a  molecule  of  auric  hydroxide 
requires  that  6*6C  be  supplied.  We  should  therefore  expect 
to  find  gold  hydroxide  more  easily  and  more  largely  reduced 
by  shearing  stress  than  other  oxides. 

Experiment  confirms  this  expectation  and  although  this  case 
does  not  belong  to  the  subject  proper  of  this  paper  which  deals 
with  endothermic  reactions,  it  seems  sufficiently  interesting  to 
add  in  this  appendix. 

Gold  trioxide  hydrate  Au(OH),  was  obtained  by  Figuier's 
method  (a  gold  solution  is  rendered  strongly  alkaline  with  pot- 
ash or  soda  and  barium  chloride  is  added  as  long  as  it  causes  a 
precipitate.  Part  of  the  gold  remains  in  solution.  The  barium 
aurate  is  washed  and  decomposed  with  very  dilute  nitric  acid). 
The  brown  powder  after  drying  was  ascertained  to  be  com- 
pletely soluble  in  warm  dilute  hydrochloric  acid  (1  to  10) 
showing  that  no  gold  had  been  reduced. 

(1)  Of  gold  oxide  '155  gms.  were  taken  and  were  triturated 
25  minutes  in  a  porcelain  mortar.  The  large  reduction  was  at 
once  evident  to  the  eye,  the  pestle  looked  as  if  plated  with 
bright  gold.  The  unchanged  portion  of  oxide  was  removed  by 
digesting  with  dilute  hydrochloric  acid.  The  metallic  gold 
was  dissolved  in  aqua  regia,  filtered,  reduced  and  weighed. 

It  amounted  to -0718 

The  155  mgs.  of  gold  oxide  taken  contained  123*1  of  gold. 
The  reduction  was  theref(»re  as  718  to  1231.  Fifty-eight  per 
cent  or  more  than  half  the  gold  contained  in  the  material  em- 
ployed was  reduced. 

(2)  200  mgs.  gold  oxide  were  triturated  30  minutes  in  a 
porcelain  mortar.  After  removing  the  unchanged  oxide  as 
above  the  metallic  gold  was  dissolved,  filtered  and  reduced — 

Obtained 0538 

Potassium  Permanganate. — Two  molecules  of  permangan- 
ate by  reduction  to  2MnO,H30  lose  3  atoms  of  oxygen  and  at 
the  same  time  28*4  Cal.     The  reaction  is  therefore  exothermic. 

By  active  trituration  a  portion  of  the  permanganate  taken 
easily  undergoes  reduction.  Exhausted  with  water,  a  brownish 
blacK  insoluble  residue  remains  which  dissolves  with  efferves- 
cence in  strong  warm  sulphuric  acid  forming  a  violet  solution — 
the  residue  is  therefore  manganic  peroxide. 

Three  estimations  were  made.  A  first  rough  one,  after 
trituration  for  25  minutes  in  a  porcelain  mortar,  gave  of  washed 
and  dried  material  which  had  become  insoluble,  43  mgs. 
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The  second  was  made  on  a  like  quantity  of  permanganate 
also  in  a  porcelain  mortar.  The  portion  rendered  insoluble 
was  dissolved  in  hydrochloric  acid  and  estimated  as  Mn,0^ 

Quantity  obtained '0136 

showing  that  28*25  mgs.  of  permanganate  had  been  reduced 
to  MnO, 

The  same  quantity  of  permanganate  treated  in  the  same  way 
in  an  agate  mortar  gave  only  'OOSO  MnO,  owing  to  the  less 
efficiency  of  the  mortar. 

The  reductions  in  the  case  of  these  last  two  substances  are 
exothermic,  they  however  do  not  take  place  spontaneously,  but 
require  the  aid  of  an  exterior  force — this  aid  is  supplied  by 
shearing  stress. 

In  these  three  papers  a  large  number  of  reactions  have  been 
described  in  which  mechanical  energy  has  been  transformed 
into  chemism.  The  number  might  oe  extended,  but  in  prac- 
tiqe  is  necessarily  limited  to  those  cases  in  which  a  perfect  sepa- 
ration can  be  made  between  the  original  substances  and  the 
altered  product. 


Art.  XLIV. — The  Detection  and  Separation  of  Arse7iic  asso- 
ciated with  Antimony  and  Tin;  by  F.  A.  GoocH  and 
B.  Hodge. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  CoUego — XXIX.] 

Upon  the  well  known  fact  that  hot  strong  hydrochloric 
acid  is  capable  of  dissolving  the  sulphides  of  antimony  and 
tin  while  exerting  solvent  action  to  a  very  slight  degree  upon 
arsenious  sulphide  is  based  the  simplest  and  most  rapid  method 
in  common  use  for  the  separation  of  arsenic  from  antimony 
and  tin.  Unfortunately,  however,  the  forcible  treatment 
necessary  to  bring  about  the  solution  of  large  amounts  of  anti- 
mony is  sufficient*  to  dissolve  small  quantities  of  arsenious 
sulphide,  so  that  for  the  purposes  of  general  analysis  the 
method  is  inadequate.  Koehlerf  has  shown  that  only  the 
arsenic  is  precipitated,  and  that  very  completely,  when  hydro- 
gen sulphide  acts  upon  the  solution  of  arsenious  and  antimo- 
nious  salts  in  hydrochloric  acid  of  20  per  cent  strength,  but 

*  Rose-Finkener.  Anal.  Ohem.,  ii,  423. 
f  Zeit.  f iir  Anal.  Chem ,  xxix,  192. 


Arsenic  associated  with  Antimony  and  Im.  383 

the  adaptability  of  Koehler's  treatment  to  the  detection  of 
arsenic  in  the  ordinary  course  of  analysis  is  limited  by  the 
necessity  of  so  constituting  the  solution  to  be  tested  that  hydro- 
gen sulphide  shall  occasion  no  deposit  of  free  sulphur  to  con- 
ceal or  be  mistaken  for  a  precipitation  of  arsenious  sulphide. 
In  the  course  of  analysis  the  mixed  sulphides  of  arsenic,  anti- 
mony, and  tin,  remaining  after  the  removal  of  the  sulphides 
insoluble  in  alkaline  sulphides  and  recovered  from  solution  by 
the  action  of  hydrochloric  acid,  require  for  their  complete 
solution  the  action  of  an  oxidizing  agent  which  must,  of 
course,  interfere  with  the  immediate  use  of  Koehler's  method. 
If  simple  means  can  be  found  for  the  destruction  of  the  ex- 
cess of  the  oxidizing  agent  and  the  simultaneous  reduction  of 
the  arsenic  and  antimony  to  the  lower  condition  of  oxidation, 
it  is  plain  that  the  test  for  arsenic  by  passing  hydrogen  sul- 
phide into  the  solution  of  antimony  and  tin  in  hot  hydrochloric 
acid  of  half-strength  should  be  sure  and  easy.  In  a  former 
paper  from  this  laboratory*  a  method  was  described  for  the 
quantitative  separation  of  arsenic  from  antimony,  based  upon 
the  reduction  and  volatilization  of  salts  of  arsenic  by  the 
action  of  a  current  of  gaseous  hydrochloric  acid  upon  the 
solution  containing  potassium  iodide.  It  is  this  reaction — the 
reduction  of  arsenic  and  antimony  and  the  volatilization  of  the 
former  by  the  simultaneous  action  of  potassium  iodide  and 
hydrochloric  acid — which  we  have  now  endeavored  to  apply 
in  simple  form  to  the  rapid  detection  of  small  amounts  of 
arsenic  associated  with  antimony  and  tin.  We  have  studied 
the  eflEect  of  repeated  distillations  of  small  portions  of  concen- 
trated hvdrochloric  acid  upon  mixtures  of  the  salts  with  potas- 
sium iodfide.  The  apparatus  which  we  employ  is  essentially 
the  distillation  apparatus  of  Mohr,  and  consists  of  a  25cm' 
flask  fitted  by  means  of  a  rubber  stopper  to  a  pipette  bent, 
drawn  out  at  the  lower  end,  and  dipped  into  a  test  tube 
which  is  at  the  same  time  supported  and  cooled  in  a  flask 
partly  filled  with  water.  The  pipette  tube  is  wide  enough 
(about  0-7°°^  in  diameter)  to  prevent  the  formation  of  bubbles 
within  it,  and  the  bulb,  holding  about  20cm'',  is  suflSciently 
large  to  retain  any  liquid  which  may  be  momentarily  forced 
back  by  the  accidental  cooling  of  the  flask  during  the  distilla- 
tion. 

In  the  test  experiments  recorded  below  the  arsenic  was  intro- 
duced into  the  nask  in  the  form  of  arsenic  acid  dissolved  with 
3  grm.  of  potassium  iodide  in  5cm'  of  water,  an  equal  volume 
of  the  strongest  hydrochloric  acid  (sp.  gr.  1-20)  was  added,  the 
distillation  was  carried  nearly  to  dryness,  and  the  distillate  was 

*  Gooch  and  Banner,  this  Journal,  xlii,  308. 
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condensed  in  K^em*  of  a  mixtare  of  strong  hydrochloric  acid 
and  water  in  equal  partf.  The  iodine  evolved  during  the  dis- 
tillation was  bleached  by  the  addition  to  the  distillate  of  stan- 
noas  chloride  dissolved  in  hydrochloric  acid  of  half-strength, 
and  hydn^ren  sulphide  was  passed  to  precipitate  the  arsenic  if 
present.  The  residue  in  the  flask  was  treated  with  10cm'  of 
the  strongest  hydrochloric  acid  and  the  process  of  distillation 
was  repeated,  but  this  time  the  distillate  was  condensed  in 
10cm'  of  water  in  order  that  the  final  acidity  of  the  liquid 
should  be  that  of  acid  of  half-strength,  and  so,  after  bleaching 
by  stannous  chloride,  immediately  available  for  the  test  for 
arsenic  by  hydrogen  sulphide.  Subsequent  treatments  of  the 
residue  were  carried  out  similarly  until  arsenic  ceased  to  appear 
in  the  distillate. 

The  results  of  experiments  (1)  to  (5)  show  that  four  succes- 
sive distillations  of  10cm'  portions  of  the  strongest  acid  are 
enough  to  transfer  0-01  grm.  of  arsenic  completely  to  the  dis- 
tillate, while  a  single  distillation  appears  to  be  sufficient  to 
volatilize  anything  less  than  0-003  grm. 

Experiments  (6)  to  ^9)  made  similarly  with  antimony,  taken 
in  the  form  of  purified  tartar  emetic  and  oxidized  by  iodine 
in  alkaline  solution  previous  to  treatment,  either  alone  or  with 
arsenic,  show  that  antimonv  is  discoverable  in  the  residues 
when  even  so  little  as  0*0<X^1  grm.  of  that  element  is  originally 
introduced,  though  it  was  very  evident  that  a  portion  of  the 
antimony  may  pass  to  the  distillate  when  much  of  it  is  present 
in  the  flask.  Indeed  when  large  quantities  of  antimony  are 
treated  the  appearance  of  the  brownish-red  fumes  of  antimo- 
nions  iodide  in  the  distilling  tube  may  serve  as  a  very  good 
indication  that  the  concentration  should  go  no  further,  since 
the  antimonious  iodide  may,  if  it  reaches  the  receiver  in  quan- 
tity, impart  to  the  distillate  a  color  which  is  not  discharged,  by 
the  stannous  chloride  used  to  bleach  the  iodine  and  which 
makes  it  necessary  to  look  subsequently  for  a  precipitate  of 
arsenious  sulphide  in  a  liquid  of  its  own  tint.  The  amount  of 
antimony  Volatilized  seems  to  be  proportioned  to  the  amount 
present,  and,  if  the  distillation  is  properly  conducted,  enough 
antimony  remains  in  the  residue  to  be  found  if  it  was  origi- 
nally present  in  discoverable  quantity. 

The  results  of  similar  work  with  tin  alone,  and  with  tin  and 
arsenic,  are  recorded  in  experiments  (10)  to  (15),  and  the  evi- 
dence goes  to  show  that,  though  like  antimony  it  may  pass  to 
the  distillate  under  the  conditions,  enough  tin  always  remains 
to  be  found  in  the  residue,  if  the  amount  originally  taken  was 
discoverable. 
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II.  None. 
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Distinct  color. 
Distinct. 
Distinct. 
Large. 
Large. 


It  is  plain  that  a  single  distillation,  which  may  easily  be 
completed  in  five  minutes,  is  suflScient  to  discover  the  presence 
of  0*0001  grm.  of  arsenic  associated  with  so  much  as  0*4  grm. 
or  0*5  grm.  of  antimony  or  tin. 

It  is  also  evident  that  amounts  of  arsenic  not  exceeding 
0*003  grm.  may  be  completely  removed  from  the  residue  by  a 
single  distillation.  When  larger  amounts  of  arsenic  are  to  be 
removed,  so  that  the  tin  and  antimony  may  be  obtained  free 
from  that  element,  the  result  may  be  accomplished  by  repeat- 
ing the  distillation  sufficiently  ;  or,  inasmuch  as  only  a  little 
iodine  remains  after  the  first  distillation,  the  end  may  be 
attained  by  dissolving  the  residue  in  hydrochloric  acid  of  half- 
strength,  bleaching  the  iodine  with  exactly  the  necessary 
amount  of  sulphurous  acid  or  sodium  thiosulphate  (since  the 
■Qse  of  the  stannous  chloride  is  here  precluded),  and  passing 
hydrogen  sulphide. 
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Art.   XLV. —  On   the  Presence  of   Water  in    Topa^ ;  by 

Paul  Jannasch  and  James  Locke. 

We  give  in  the  following  article  the  first  results  of  an 
investigation  of  the  mineral  topaz,  which  we  have  undertaken 
in  connection  with  our  recently  published  work  on  the  formula 
of  the  axinite  from  Bourg  d'Oisans.*  As  the  first  step  in  this 
investigation  we  subjected  the  mineral  to  a  careful  examina- 
tion for  water,  and  have  found,  as  the  analyses  below  show, 
that  it  contains  a  very  significant  quantity  of  water  of  consti- 
tution. 

The  method  which  we  employed  to  detect  and  estimate  the 
water  has  been  described  by  us  in  detail  in  another  article,t 
but  it  may  be  well  to  explain  again  its  principle  and  some  of 
the  precautions  which  we  took  to  secure  accurate  results.  The 
substance  was  mixed  with  lead  oxide  in  a  bulb-tube  and 
strongly  fused  over  the  flame  of  a  Bunsen  burner,  and  the 
escaping  water  received  in  a  weighed  calcium  chloride  tube. 
To  retain  any  traces  of  hydrofluoric  acid  or  silicon  fluoride 
which  might  also  be  evolved,  a  layer  of  lead  oxide  about  an 
inch  long  was  placed  in  the  posterior  arm  of  the  bulb-tube. 
The  lead  oxide  used  was  in  some  cases  the  purest  article  to  be 
obtained  from  Merck,  in  others  we  prepared  it  ourselves  by 
precipitating  lead  acetate  with  ammonium  carbonate,  thor- 
oughly washing  by  decantation,  evaporating  to  dryness  and 
igniting  the  residue  in  a  platinum  dish.  The  ignited  product 
was  placed,  while  still  warm,  over  potassium  oxide  under  a 
bell-jar  and  kept  there  when  not  in  use.  After  being  intro- 
duced into  the  tube,  bnt  before  its  mixture  with  the  powdered 
mineral,  each  portion  of  lead  oxide  was  freed  from  the  last 
traces  of  moisture  by  gentle  ignition  in  a  current  of  dry  air. 
We  watched  carefully,  in  every  one  of  the  experiments,  for 
signs  of  escaping  hydrofluoric  acid  or  silicon  fluoride,  but 
could  detect  neither  :  the  glass  remained  perfectly  smooth  and 
unattacked  throughout,  and  the  water,  which  could  be  plainly 
seen  as  it  condensed  in  the  cold  part  of  the  bulb-tube  and  in 
the  bulb  of  the  calcium  chloride  tube,  showed  no  trace  of 
silica. 

The  specimens  of  topaz  examined  were  in  every  case  fresh 
and  well  formed  crystals,  and  absolutely  free  from  foreign  sub- 
stances. The  analyses  cover  four  varieties,  one  of  which  con- 
tained nearly  3*0  per  cent  of  water,  the  others  approximately 
1*0  per  cent.     The  analytical  results  follow  : 

*  Zeitschrift  fiir  ADorgan.  Chemie,  Bd.  vi,  Heft  1. 
flbid.,  Bd.  vi,  Heft  2. 
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Locality  and 
DescriptioD. 

I. 
San  Luis,  Mexico. 
Small  crystals ;  1, 
2j  white ;  3,  brown. 

II. 
II men  Mts.     Larore 
white  crystals. 

III. 

Schneckenstein  Sax- 
ony. Small  gray- 
white  crystals. 

IV. 

Brazil.     Large 
brown  crystal. 


Substance 
taken. 

0-5128  gr. 

0-5234 

0-4890 

0-5422 
0-5554 

0-5743 
0-6564 

0-4954 
0-6308 
0-5263 


Water 
found. 


0-0040  gr. 

0-0046 

0-0036 


0-0057 
0-0055 

0-0073 
0-0071 

00140 
0-0164 
0-0140 


Per  cent.    Average. 

0-79 

0-88  \  —  0-81^ 

0-74 


1-05  )  _  . 

0-99  (  -  ^  ^^^ 


1-27 


1-28 


=  1-28^ 


2-82 

2-60  \  =  2-69^ 

2-66 


To  assure  ourselves  that  the  presence  of  the  water  was  not 
due  to  organic  substances  or  other  impurities  in  the  lead  oxide 
we  made  two  additional  determinations ;  one,  of  the  water 
given  off  by  the  lead  oxide  alone,  the  other  conditions  of  the 
experiment  being  observed ;  the  second,  of  the  water  in  the 
specimen  from  tne  Ilmen  Mountains  by  means  of  lead  oxide 
which  had  been  previously  fused.  In  the  first  determination 
the  calcium  chloride  tube  increased  in  weight  by  an  amount 
corresponding  to  less  than  O'l  per  cent  of  the  quantity  of  min- 
eral usually  taken  for  analysis,  and  the  second  experiment 
yielded  results  agreeing  with  those  previously  obtained. 

Whether  the  presence  of  water  will  necessitate  any  radical 
change  in  the  formula  of  topaz  we  are  not  yet  in  position  to 
state.  We  are  at  present  engaged,  however,  in  making  seve- 
ral complete  analyses  of  different  varieties  of  the  mineral,  and 
hope  soon  to  be  able  to  decide  this  question. 

Heidelberg,  Feb.  17,  1894. 


Akt.  XLVI. — On  the  Chemical  Compositdon  and  Related 
Physical  Properties  of  Topaz;  by  S.  L.  Penfield  and 
J.  C.  Minor,  Jr. 

The  chemical  composition  of  topaz  has  never  been  satis- 
factorily settled.  The  results  of  the  analyses  thus  far  published 
show  clearly  that  silicon  and  aluminium  are  present  in  the 
proportion  of  1:2,  but  the  percentage  of  fluorine  as  given  in 
them  varies  from  16-12-18-83.     The  formula  that  is  usually 

Am.  Jottb.  Soi.— Third  Sbries,  Vol.  XLVII,  No.  281.— Ma.y,  1894. 
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accepted  is  that  of  Groth*  [Al(O.F,)]  AlSiO^,  corresponding 
to  an  isoraorphons  mixture  of  (AlF,)  AlSiO^  with  the  andalusite 
molecule  (AlO)  AlSiO^  in  which  the  former  predominates  and 
in  which  fluorine  is  supposed  to  be  replaced  by  oxygen. 
Bammelsbergf  suggests  a  mixture  of  Al,SiO,  and  Al,SiFj.  in 
the  proportion  of  5:1.  The  ratio  of  SiO, :  A1,0,  :  F  varies 
from  1:1: 1*50  to  1 : 1 :  1*84:  and  if  this  could  be  shown  to  be 
1:1:2  the  composition  could  be  expressed  by  either  of  the 
following  simple  orthosilicate  forraulsB : 

Since  it  has  been  shown  by  one  of  us  that  hydroxyl  so  fre- 
quently replaces  fluorine,  and  it  now  seems  very  doubtful  if 
bivalent  oxygen  ever  plays  this  role,  the  idea  has  suggested 
itself  that  perhaps  the  variations  in  the  percentages  of  fluorine 
and  the  failure  to  yield  a  simple  ratio  are  due  to  the  partial 
replacement  of  fluorine  by  hydroxyl.  Accordingly  tests  were 
made  for  water  and  it  has  been  found  to  be  always  presents 
This  fact  seems  to  have  been  generally  overlooked.:]: 

In  testing  by  the  ordinary  closed  tube  method  it  is  not 
always  evident  that  hydroxyl  is  present,  since  in  a  mineral  like 
topaz  an  acid  vapor  comes  oflf,  probably  hydrofluosilicic  acid, 
instead  of  water.  By  mixing  the  mineral,  however,  with  lime 
or  some  other  substance  to  hold  the  fluorine,  water  is  evolved* 
In  order  to  determine  to  what  extent  hydroxyl  is  present  and 
what  part  it  plays  in  the  chemical  composition,  material  from 
a  number  of  localities  has  been  examined,  and  it  will  be 
shown  in  the  course  of  this  article  that  the  variations  which 
topaz  shows  both  in  chemical  composition  and  physical  proper- 
ties result  from  an  isomorphous  replacement  of  fluorine  by 
hydroxyl,  while  a  simple  composition  has  been  establishea 
which  can  be  expressed  by  the  formula  [Al(F.OH)],SiO^. 

Method  of  analysis, — The  important  features  of  the  analysis 
were  of  course  the  accurate  determination  of  fluorine  and 
water.  For  fluorine  the  method  of  Berzelius  was  adopted. 
The  mineral,  mixed  with  half  its  weight  of  quartz,  was  fused 
with  Ave  times  the  total  weight  of  mixed  sodium  and  potas- 

*  Tabellarische  Uebersicht  der  Mineralien,  1889,  p.  106. 

+  Mineralchemie,  1875,  p.  580. 

\  As  this  article  was  going  to  press,  we  have  observed  in  Nos.  2  and  3,  vol  vi 
of  the  Zeitschrift  fur  anorganische  Chemie,  p.  168,  March,  1894,  which  has  just 
come  to  hand,  that  Jannasch  and  Locke  have  also  determined  the  presence  of 
water  in  topaz  with  the  following  results,  but  they  have  not  discussed  the  relation 
of  the  water  to  the  chemical  composition. 

San  Luis,  Mexico.         Ilmen  Mountains.        Schneckensteio.        Brazil. 
0-80  1-02  1-28  2-69 
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slum  carbonates.  The  fusion  was  soaked  out,  filtered  and 
washed  with  hot  water.  To  the  hot  filtrate  five  to  ten  grams 
of  ammonium  carbonate  were  added  and  after  cooling,  still 
another  addition  of  the  same  reagent.  After  standing  in  the 
cold  for  twelve  hours  the  precipitate  was  filtered  oflf,  the  excess 
of  ammonium  carbonate  expelled  from  the  filtrate  by  heating 
in  a  platinum  dish  on  the  water  bath,  and  an  ammoniacal  solu- 
tion of  zinc  oxide  added.  After  evaporating  until  the  odor  of 
ammonia  had  disappeared  the  zinc  oxide  precipitate  was 
removed  by  filtration,  the  filtrate  heated  and  dilute  nitric  acid 
added  until  the  excess  of  alkali  carbonate  was  nearly  decom- 
posed. To  the  slightly  alkaline,  boiling  solution  an  excess  of 
calcium  chloride  was  added  and  from  this  point  the  precipitate 
was  treated  as  previously  described  by  one  of  us.*  That  deter- 
minations made  by  this  method  are  satisfactory  was  proved  by 
the  following :  In  an  experiment  with  topaz  the  residue  result- 
ing from  soaking  out  the  alkali  carbonate  fusion,  and  the  pre- 
cipitates formed  by  the  ammonium  carbonate  and  zinc  oxide 
were  united,  mixed  with  a  fresh  portion  of  alkali  carbonates, 
fused  and  treated  as  before.  The  amount  of  fluorine  that  was 
obtained  by  this  second  treatment  was  only  0*07  per  cent, 
showing  that  practically  all  can  be  extracted  by  one  fusion. 
Moreover,  fluorine  determiniations  were  made  by  the  above 
method  in  an  artificial  mixture  of  cryolite,  cyanite  and  quartz, 
taken  in  proportions  to  correspond  with  the  composition  of 
topaz  with  the  following  results. 

Crjolite  taken.        Fluorine  calculated.    Fluorine  found.  Loss. 

'3326  -1805  -1788  -0017 

This  result  indicates  only  a  slight  deficiency,  and  it  is  probable 
that  the  determinations  in  the  regular  topaz  analyses  are  not 
over  0*20  per  cent  low,  as  usually  a  gram  and  sometimes  a 
gram  and  a  half  of  the  mineral  are  taken  for  a  determination. 
In  the  above  no  allowance  has  been  made  for  what  might  be 
recovered  by  a  second  fusion  of  the  residues,  and  probably  some 
of  the  loss  is  occasioned  by  volatilization  during  the  alkali  car- 
bonate fusion,  but  since  the  crucible  was  kept  covered  this  must 
have  been  very  slight.  Since  water  is  present,  it  is  evident 
that  attempts  that  have  been  made  to  determine  fluorine  by  loss 
on  ignition,  assuming  that  silicon  fluoride  is  given  off,  can  not 
have  given  reliable  results.  For  the  determination  of  water, 
the  mineral  has  been  fused  with  dry  sodium  carbonate  and  the 
water  absorbed  in  a  weighed  sulphuric  acid  tube.  The  method, 
which  has  been  carefully  tested,  gives  accurate  results.  The 
mineral  is  completely  decomposed  and  it  is  impossible  for  acid 

*  This  Journal,  III,  xlvii,  p.  190,  1894. 
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vapors  to  pass  off  with  the  water.*  There  can  be  no  doubt 
about  the  water  having  come  from  hydroxy!,  since  it  is  not 
driven  off  except  at  an  intense  heat.  In  an  experiment  on 
topaz  from  Stoneham,  Me.,  where  the  water  was  found  to  be 
0*98  per  cent,  the  powder  suffered  a  loss  of  only  0*12  per  cent 
by  heating  for  a  long  time  in  a  platinum  crucible  at  the  highest 
heat  of  a  ring  burner. 

The  remainder  of  the  analysis  was  conducted  in  the  ordinary 
manner. 

Material  for  analysis, — The  specimens  which  we  have 
examined  are  from  the  following  localities : 

Stoneham^  Maine, — The  material  was  colorless  and  trans- 
parent and  was  taken  from  the  center  of  a  large  crystal  in  the 
Brush  collection,  catalogue  number  185.  Analyses  have  also 
been  made  by  Genthf  and  Whitfield.:|:  The  former  found 
18-83  and  the  latter  17*10  per  cent  of  fluorine,  also  Na,0  1*25, 
K,0  0*14  and  H^O  0*20  per  cent.  A  careful  test  that  we  have 
made  for  alkalies  has  shown  that  they  are  absent. 

Pihe^s  Peak^  Colorado, — A  perfectly  colorless  and  trans- 
parent cleavage  piece  from  a  large  crystal. 

Nathrop^  Colorado, — Wine  yellow  crystals  in  rhyolite,  de- 
scribed by  Cross. §  The  habit  is  similar  to  fig.  4-,  page  493  of 
the  sixth  edition  of  Dana's  Minei'alogy,  or  fig.  54,  page  123  of 
Hintze's  Mineralogy. 

Utah, — Perfectly  colorless  transparent  crystals  from  the 
rhyolite  of  the  Thomas  Kange,  forty  miles  north  of  Sevier 
Lake.  The  crystals  were  selected  from  a  suite  of  specimens  in 
the  Brush  collection,  and  have  been  described  by  A.  N.  Alling.[ 

San  Luis  Potosi^  Mexico, — Colorless,  transparent  crystals 
like  those  described  by  Biicking^  and  similar  to  the  ones  from 
Nathrop. 

Zacatecas,  Mexico, — Colorless  crystals  similar  to  the  preced- 
ing. The  material  was  generously  supplied  to  us  by  Prof.  A. 
J.  Moses,  from  the  mineralogical  collection  of  the  Columbia 
School  of  Mines,  New  York. 

Schneckenstein,  Saxony.  —  Wine  yellow  crystals,  selected 
from  a  suite  of  specimens  in  the  Brush  collection. 

Adun-Chalon,  Siberia, — The  specimen  corresponded  to  the 
description  given  by  Kokscharow."^*  A  colorless  and  trans- 
parent crystal  in  the  Brush  collection  was  used  for  the  analysis, 

*  A  full  description  of  this  method  is  in  preparation  and  will  appear  in  a  later 
publication, 
t  Trans.  Am.  Phil.  Soc.  Oct.,  1885,  p.  43. 
i  This  Journal,  III,  xxix,  p.  378,  1885. 

^jThis  Journal,  III,  xxxi,  p.  432,  1886. 
This  Journal,  III,  xxxiii,  p.  146,  1887. 
TZeitschr.  Kryst.,  xii,  p.  424,  1886 
**  Materialien  zur  Min.  Kusslands,  11,  p.  232. 
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Tenagari^  Mino^  Japan. — The  material  was  taken  from  a 
colorless,  transparent  crystal,  in  habit  like  those  from  Adun- 
Chalon. 

Minas  Oeraes^  Brazil, — Transparent,  yellow  crystals  se- 
lected from  a  suite  of  specimens  in  the  Brush  collection. 

We  take  pleasure  in  expressing  to  Mr.  Geo.  L.  English  of 
New  York  our  thanks  for  generously  supplying  us  with  the 
specimens  from  Nathrop,  San  Luis  Potosi  and  Japan. 

The  following  complete  analyses  have  been  made  : 

Utah. 

Theory  for 
I.  II.  Average.  Ratio.  (AlF)aSi04 

SiO,  ..    31-93         31-93                            -532  0-98  32-61 

Al.Og  .   56-26         56-26                            -551  1-015  55-44 

F 20-33  20-41  20-37            1-072  K.^^^  ^.^„  20-65 

H,0..        -19  ...  -19-T-9=  -021  P"^^  ^^- 

108-76  108-70 

O.  equivalent  to  F.         858  8-70 

10017  100-00 

Nathrop^  Colorado, 

Ratio. 

SiO    32-23  -537  0-99 

AljOg 56-01  -550  l-Ol 

F 20-42  1-O^H  1-107  9-03 

H,0    -29--9=     -032P^^^  ^^^ 

108-95 
O.  equivalent  to  F.      8-60 

100-35 

Japan. 

I.  II.  Average.  Ratio. 

SiO    ...  32-28                          32-28  -538  '98 

AljO,..  56-01                           56-61  -555  1-02 

F 1»-41  19-60          19-50            1-C27) 

H,0  ...  -67                               -57-=-9z=   -063  >■  1  0^^  ^  ^^ 

108-96 
O.  equivalent  to  F.  8-21 

100-75 
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Schneckenstein,  Saxony. 


Ratio. 


SiO.... 
Al,6. . . 
F 


32-82 
55-41 
18 


•547 
•643 


H,0... 


•93-i-9=  -103  p  "" 


1-00 
1-00 

1-97 


107-66 
O.  equivalent  to  F.      7-80 


99-86 


Stoneham,  Maine, 


I.          11. 

Aversif^e. 

Theory  for 
[Al(FOH)],Si04 
Ratio.       F:  OH  =  9:1. 

SiO,  ..   32-28     32-40 

32-34 

•539     0-99 

32^68 

A1,0,  .   56-33     56-33 

56-33 

•562      101 

55-56 

F 18-56     18-30 

H,0..      1-04          -93 

18-43 

•98-=-9  = 

;JJJ|  1-080      1-98 

18-63 
-98 

108-08 

107-85 

0.  equivalent  to  F. 

7-76 

7-85 

100-32 


100-00 


Brazil, 


Si,0,  ..   32-53 
Al^O,..   55-67 

F 15-48 

H,0    ..      2-46-=-9= 

Ratio. 
•    -642       1-00 
-546       1-00 

j;5[l087       2-01 

Theory  where 
F:0H=3:1. 

32-79 

65-74 

15-57 

2-45 

106-13 
0.  equivalent  to  F.    6*52 

106-65 
6-65 

99-61 


100-00 


From  the  results  of  these  analyses  it  is  evident  that  flaorine 
has  been  replaced  by  hydroxyl  and  the  ratios  indicate  very 
clearly  that  SiO, :  A1,0, :  F+OH  =  1:1:2  as  required  by 
either  of  the  following  formula  [Al(F.OH)],SiO,  or  [A1(F. 
OH),]  AlSiO^.  The  first  two  analyses  show  very  little 
hydroxyl,  so  that  the  material  may  be  regarded  as  practically 
the  pure  fluorine  compound,  (AlF)5Si04.  In  addition  to  the 
complete  analyses,  isolated  determinations  have  been  made  on 
material  from  the  other  localities  mentioned  on  page  390  and 
these  results  will  be  given  beyond  in  tabular  form. 
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Physical  properties  and  thei/r  relations  to  the  chemical  com- 
position,— The  specific  gravities  were  very  carefully  deter- 
mined on  a  chemical  balance,  pains  being  taken  to  boil  the 
crystals  for  some  time  in  water  to  expel  any  air  bubbles.  The 
results  vary  within  the  limits  3*674  and  3*533,  a  difference  of 
only  0*041,  and  as  a  rule  they  decrease  as  the  molecularly 
lighter  hydroxyl  replaces  fluorine. 

Also  basal  plates  were  prepared  and  the  divergence  of  the 
optical  axes  2E  measured  on  a  large  axial  angle  apparatus. 
The  values  for  2E  have  been  found  to  vary  in  topaz  from  dif- 
ferent localities  and  according  to  the  observations  of  Des 
Cloizeaux  they  extend  from  129°  30'  on  crystals  from  Du- 
rango,  Mexico*  to  71°  32'  on  those  from  Mugla,  in  Natolien, 
Asia  Minor,f  both  measurements  being  for  red.  These  varia- 
tions have  generally  been  supposed  to  be  connected  with  some 
change  in  chemical  composition,  but  a  satisfactory  explanation 
has  never  been  given.  In  the  following  table  the  measure- 
ments that  we  have  made  are  arranged  according  to  decreasing 
values  of  2E  for  yellow,  and  with  these  the  determinations  oi 
the  specific  gravity,  fluorine  and  water  are  given  : 

Specific 
2E  yellow.        gravity.      Fluorine.       Water. 

Zacatecas,  Mexico,  126°  28'  3*574           -18 

Thomas  Range,  Utah,  125  53  3*565  20*3*7  0*19 

Nathrop,  Colorado,  125  51  3*567  20*42  0*29 

Pike's  Peak,  Colorado,  122  42  3567           048 

Tenagari,  Japan,  120  59  3*565  19*50  0*57 

Adun  Chalon,  Siberia,  118  46  3*562  19-24  0*58 

San  Luis,  Mexico,  118  17  3*575  19*53  0*80 

Schneckenstein,  Saxony,  114  28  3*555  18*50  0*93 

Stoneham,  Maine,  J 13  50  3*560  18*56  0*98 

Minas  Geraes,  Brazil,  84  28  3*532  15*48  2*45 


((  ((  fc( 


3*523  2*50 


On  the  last  mentioned  crystal  the  value  of  2E  was  not 
measured  owing  to  the  strong  optical  anomalies  which  the  sec- 
tion presented ;  it  was  observed,  however,  that  the  angle  was 
small.  It  is  evident  from  the  results  given  in  the  table  that 
the  value  of  2E  decreases  as  the  percentage  of  water  increases 
or  as  fluorine  is  replaced  by  hydroxyl,  and  this  relation  is  so 
constant  that  the  percentage  of  water  can  be  told  from  the 
value  of  2E.  It  is  evident,  therefore,  that  the  topaz  from  Du- 
rango,  mentioned  by  Des  Cloizeaux  as  giving  the  largest  value 
of  2E  =  129°  30',  must  be  the  nearest  approach  to  the  fluorine 
compound,   while  that  from  Asia  Minor,  also  cited  by  him  as 

♦Bull.  Soc.  Min.  de  France,  ix,  p.  135,  1886. 
f  Nouv.  recli.,  Inst.  France,  xviii,  p.  612. 
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giving  the  smallest  value  of  2E  =  71°  32',  must  be  the  richest 
in  water  or  hydroxyl  and  poorest  in  fluorine  of  any  topaz  that 
has  thus  far  been  examined. 

The  indices  of  refraction  also  show  a  progressive  change  along 
with  the  variations  of  2E  as  may  be  seen  by  the  following 
determinations,  given  for  yellow  light  by  different  investi- 
gators. 

Thomas  Range,  Utah,* 
Nerchinsk,  Adunchal  Mtp.jf   121 
Colorless  Crystal,  Brazil,}: 
Schneckenstein,  Saxony, f 


it 


2E. 

2V. 

a. 

/?. 

y- 

126**  24' 

67** 

18' 

1-6072 

1-6104 

1-6176 

121     55 

65 

30i 

1-61327 

1-61697 

1-62252 

120     40 

65 

14 

16120 

1-6150 

1-6224 

114     17 

62 

33 

161549 

1-61809 

1-62500 

110     12 

60 

55 

1-6156 

1*6180 

1-6250 

86     21 

49 

37 

1-62936 

1-63077 

1-63747 

Mioas  Geraes,  £razil,f 

As  hydroxyl  replaces  fluorine,  therefore,  the  indices  of  refrac- 
tion increase  and  the  strength  of  the  double  refraction  de- 
creases, as  shown  by  the  values  y—a  in  the  extremes : 

Thomas  Range,  Utah  y—a  =  0*0104 
Minas  Geraes,  Brazil  ;/— a=0*00811 

The  crystallographic  axes  are  also  affected  by  the  isomorph- 
ous  replacement  of  fluorine  by  hydroxyl.  The  variation 
however  is  not  very  great  and  only  exact  determinations  can 
be  used  for  showing  it.  Mr.  C.  A.  Ingersoll  has  kindly  made 
for  us  some  careful  measurements  on  a  crystal  from  the  Thomas 
Kange,  Utah,  which,  next  to  the  topaz  from  Zacatecas,  contains 
the  least  water  of  any  examined  by  us,  and  upon  which  the 
forms  0,  221  and^,  021  were  well  developed  and  gave  beautiful 
reflections.  Also  on  one  from  Brazil  upon  which  very  exact 
measurements  could  be  obtained  from  the/*,  021  faces  only,  the 
other  forms,  the  striated  prism  and  the  pyramid  t^,  111,  not 
being  suitable  for  measurement. 


//v/,  021  A  021 
O/vO,  221  a221 


Measured. 
87''  19'* 
49    36* 


Utah, 

Measured. 
OaO,  221^221  =  105"  10' 
OaO,  221^221  =  127     47 


Calculated. 
105"  10' 
127     61 


Brazil. 

Measured. 
f^f,  021 /s  021   =   86°65f* 

The  axial  ratios  are  given  in  the  following  table  and  with 
them  a  number  of  others  given  by  investigators  who  regard 
them  as  very  exact. 

*  Ailing.     This  Journal,  III,  xxxiii,  p.  146,  1887. 
f  Miilheims.     Zeitschr.  Kryst.,  xiv.  p.  226,  1888. 
IDes  Cloizeaux.     Manuel  de  Min^ralofirie,  p.  476,  1862. 
§  Ziminyl.     Zeitschr.  Kryst,  xxil,  p  339,  1898. 
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Utah,  Ingersoll 0-528110  :   1   :  0-477115 

Urals,  Koksharov*.. 0528542  :    I  :  0*476976 

Schneckenstein,  Laspeyres,!     0-531548  :  1  :  0475973 

Brazil,  Ingersoll :   1  :  0-473862 

Optical  anomalies. — Of  the  crystals  examined  by  us  the 
only  ones  that  showed  optical  anomalies  were  those  from 
Brazil.  A  basal  section  of  the  crystal  that  was  used  for  the 
complete  analysis  showed  an  interior  rhomb,  having  the  out- 
line of  the  unit  prism,  surrounded  by  four  symmetrical  trape- 
ziums, and  two  opposite  V-shaped  segments,  with  their  angles 
turned  toward  and  touching  the  acute  angles  of  the  inner 
rhomb.  The  disposition  of  the  parts  was  practically  like  that 
described  by  Mallard:^  and  Mack.§  The  extinction  directions 
of  the  outer  segments  corresponded  almost  exactly  to  that  of 
the  inner  rhomb.  On  another  crystal  from  Brazil,  for  which 
only  the  specific  gravity  and  water  determinations  are  given, 
the  optical  anomalies  were  much  more  marked,  and  the  ex- 
tinction in  the  different  segments  undulatory,  so  that  the  di- 
vergence of  the  optical  axes  2E  could  not  be  measured.  When 
the  sections  were  examined  by  transmitted  light  it  was  evident 
that  they  were  not  homogeneous,  since  the  well  defined  out- 
lines between  the  inner  rhomb  and  outer  segments  indicated  a 
variation  in  the  refractive  indices.  The  structure  indicates 
very  clearly  the  existence  of  an  inner  core  or  older  crystal, 
surrounded  by  a  later  growth  of  topaz  of  different  composition. 
This  idea  agrees  with  the  observations  of  Des  Cloizeaux,  who 
found  that  the  central  and  outer  segments  of  a  zonal  crystal 
gave  different  values  for  2E.  Since  it  has  been  shown  that  the 
physical  properties  vary  with  the  composition  all  the  changes 
to  which  such  a  compound  crystal  is  subjected  must  give  rise 
to  mechanical  strains  and  cause  the  disturbance  in  the  optical 
orientation  of  the  different  zones. 

Comparison  between  topaz  and  herder ite.  —  The  changes 
that  have  been  brought  about  by  the  partial  substitution  of 
fluorine  by  hydroxyl  have  previously  been  studied  by  one  of 
us,  page  329,  and  it  will  be  interesting  in  closing  to  make  a 
comparison  of  the  results  that  have  been  obtained.  In  herd- 
erite  we  know  the  pure  hydroxyl  compound,  hydro-herderite 
Ca(BeOH)PO,  and  the  hydrofluor-herderite  Ca[Be(OH.F)] 
PO4  with  OH  :  F  =  3  :  2.  With  topaz  the  nearly  pure  fluorine 
extreme  is  known  (AlF)3Si04  and  the  hydrofluor  topaz  from 
Brazil  [A1(F  .  OH)],SiO„  with  F :  OH  =  3  : 1. 

*  Materialien  zur  Minn.  Russ.,  ii,  p.  198,  1854. 
■Zeitschr.  Kryst.,  i,  p.  351,  1877. 
::  Add  Mines,  x,  p.  165,  1876. 
§Wied.  Ann.,  xxviii,  p.  153,  1886. 
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In  both  herderite  and  topaz  an  increase  in  hydroxyl  is 
accompanied  by  a  decrease  in  specific  gravity  and  an  increase 
in  the  indices  of  refraction.  In  monoclinic  herderite  the  axes 
of  greatest  and  least  elasticities  correspond  nearly  to  the  crys- 
tallographic  axes,  and  overlooking  this  slight  deviation  the 
optical  orientation  in  both  minerals  is  the  same,  a  =  a,  6  =  J 
and  c  =  c.  Since  topaz  is  positive  and  herderite  negative  the 
acute  bisectrices  are  c  and  a  respectively,  but  the  angle  of  the 
optical  axes  measured  in  each  mineral  over  the  axis  of  least 
elasticity  (that  is  in  herderite  over  the  obtuse  bisectrix)  is 
smaller  for  the  hydroxyl  than  for  the  fluorine  compound.  In 
both  minerals  the  substitution  of  hydroxyl  for  fluorine  causes 
a  change  in  the  lengths  of  the  crystal lographic  axes  but  the 
changes  are  not  of  the  same  character,  since  in  herderite  the  a 
and  c  axes  both  increase  while  with  topaz  a  increases  and  c 
decreases. 

Laboratory  of  Mineralogy  and  Petrography, 

Sheffield  Scientific  School,  April,  1894. 


SCIENTIFIC    INTELLIGENCE, 
I.    Chemistry  and  Physics. 

1.  On  the  Effect  of  absorbed  Hydrogen  on  the  JElectrical  Prop- 
erties of  Palladium, — In  a  recent  paper  by  Bbucchibtti,  he  gives 
the  resalts  of  his  investigations  upon  the  effect  of  the  absorption 
of  hydrogen  upon  the  thermo-electric  power  and  the  electric  resist- 
ance of  palladium.  He  finds  that  this  absorption  increases  the 
resistance,  the  increase  being  proportional  to  the  quantity  ab- 
sorbed ;  a  palladium  wire  saturated  with  hydrogen  having  a 
resistance  1*55  times  as  great  as  before  it  was  charged.  When 
the  same  wire  is  repeatedly  saturated  with  hydrogen  and  dis- 
charged, its  resistance  appears  to  tend  toward  a  constant  value 
(whether  hydrogen  is  present  or  not)  ;  this  value  being  intermed- 
iate between  its  resistance  before  being  charged  and  that  after 
being  charged  for  the  first  time.  In  his  experiments  on  thermo- 
electric power,  the  author  used  a  couple  consisting  of  palladium 
and  nickel  and  found  that  the  power  of  this  couple  increases  with 
the  amount  of  hydrogen  which  the  palladium  has  absorbed ;  so 
that  when  the  metal  is  saturated,  the  thermo-electric  power  is 
1*66  times  that  observed  before  charging.  When  a  thermo- 
electric couple  was  made  of  charged  and  uncharged  palladium, 
the  current  at  the  cooler  junction  was  found  to  flow  from  the 
charged  to  the  uncharged  metal. — Nature^  xlix,  66,  November, 

1893.  G.  F.  B. 

2.  On  the  Determination  of  the  Molecular  Formulae  of 
Liquids  by  means  of  their  Molecular  Surface  Energy, — ^The 
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striking  and  important  analogy  between  the  volume-energy  equa- 
tion of  a  gas  and  the  surface-energy  equation  of  a  liquid  has 
recently  been  investigated  by  Ramsay.  The  former  equation 
has  the  well-known  iorm/?v=RT,  in  which  v  is  the  volume  of 
the  gas,  p  the  pressure  upon  it  in  atmospheres,  T  the  absolute 
temperature,  ana  R  a  constant,  which  when  the  unit  of  volume  is 
the  volume  in  liters  occupied  by  the  molecular  mass  in  grams,  be- 
comes 0'0819.  The  equation  representing  the  surface-energy  of 
a  liquid  is  y8z=  k{r—d) ;  in  which  y  is  the  surface  tension,  s  the 
surface,  k  a  constant  analogous  to  R  and  r  the  temperature 
measured  downward  from  the  critical  temperature.  Since  the 
origin  of  the  line  representing  the  variation  of  surface  energy 
with  temperature  is  not  at  the  critical  temperature  but  about  6° 
below  it,  a  constant  d  is  subtracted  from  r.  By  a  series  of  ex- 
periments with  ethyl  oxide,  methyl  formate,  ethyl  acetate,  ben- 
zene, chlorbenzene  and  carbon  tetrachloride,  the  author  has  shown 
that  the  molecular  surface  energy  of  liquids  which  do  not  dis- 
sociate, varies  directly  with  (r— S)  within  very  wide  limits  of 
temperature.  In  comparing  different  liquids  with  each  other  it  is 
necessary  to  select  surfaces  on  which  equal  numbers  of  molecules 
lie.  And  since  the  molecular  volume  of  a  liquid  is  that  volume 
in  cubic  centimeters  which  is  occupied  by  the  molecular  mass 
taken  in  grams,  it  is  evident  that  the  cube  root  of  the  molecular 
volume  gives  the  relative  number  of  molecules  along  a  line  one 
centimeter  long  and  that  the  square  of  this  value  represents  the 
relative  number  of  molecules  distributed  on  unit  surface ;  i.  e.,  on 

2 

one  square  centimeter.  Hence  the  expression  (Mv)^  may  be 
termed  the  "molecular  surface"  of  a  liquid.  This  quantity  mul- 
tiplied by  y  the  surface  tension,  gives  7^(Mv)  ,  the  molecular  sur- 
face energy ;  i.  e.,  the  energy  which  must  be  expended  in  produc- 
ing a  surface  on  which  a  definite  number  of  molecules  is  distributed, 
this  number  being  the  same  for  all  liquids.  Since  the  rate  of 
change  of  the  surface  energy  with  temperature  is  a  linear  func- 
tion of  the  temperature,  the  first  differential  coefficient  d^/dt  or 

d[y{Mv)^\/dt  has  the  constant  value  2*121. 

In  connection  with  Emily  Aston,  Ramsay  has  now  applied 
these  considerations  to  the  determination  of  the  molecular  formu- 
las of  liquids.     From  the  equation  (y(Mv)^-y'(Mv')%(«'— 0  = 

2.121  or  K,  we  have  M  =  K  («'- ^/(yy^-y'y'^) ;  from  which 
knowing  the  molecular  surface  energy  at  two  or  more  temper- 
atures, the  molecular  masses  can  be  calculated.  The  liquids  used 
were  such  as  promised  to  show  a  higher  molecular  mass  than  that 
expressed  by  their  ordinary  formulas  ;  such  as  phenol,  bromine, 
nitric  and  sulphuric  acids  and  phosphorus.  The  value  y  was  ob- 
tained from  the  rise  of  the  liquid  in  a  capillary  tube,  by  the  ordi- 
nary equation  y=irhgd^  in  which  r  is  the  radius  of  the  tube,  h  the 
height  of  the  column,  g  the  gravitation  constant  and  d  the  density 
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of  the  liquid.  For  phenol,  at  46°  to  78®,  the  value  of  E  the  molec- 
ular surface  energy,  was  found  to  be  736*9  and  that  of  K  1*682; 
whence  M=133'5.  At  131°  to  184°,  these  values  were  490*6, 1-899 
and  110*9  respectively;  the  value  of  K  being  less  than  2'121  but 
approaching  it  as  the  temperature  rises.  There  is  therefore  in 
this  case  some  condensation  on  liquefaction ;  or  as  the  authors 
call  it,  "association."  In  the  case  of  bromine  the  value  of  M 
obtained  between  10*6°  and  46°  was  202*77  and  between  46°  and 
78*1°,  184-59.  It  may  be  assumed  that  even  in  the  liquid  state, 
therefore,  most  of  the  molecules  have  the  formula  Br, ;  though 
there  is  apparently  some  association  with  fall  of  temperature. 
Nitric  acid  gave  105*9  for  the  value  of  M  between  11 '6°  and 
46*2°,  and  117*4  between  46*2°  and  78*2°;  showing  that  the 
liquid  acid  is  a  mixture  probably  of  HNO,  and  H^N^Og.  Sul- 
phuric acid,  H,SO^  is  unstable  and  dissociates  on  warming  into 
SO3  and  an  acid  ot  the  composition  (H^SOJ^gH^O  approximately. 
This  acid  gave  a  mean  value  for  K  of  0*209 ;  indicating  a  molec- 
ular mass  corresponding  to  (H^SOJ^.  Phosphorus  between  78*3° 
and  132*1°  gave  a  value  of  2*205  for  K,  corresponding  to  a 
molecular  mass  of  117  ;  or  practically  P^.  Hence  it  appears  (1) 
that  phenol  like  the  alcohols  forms  complex  molecules  in  the 
liquid  state,  which  dissociate  as  the  temperature  rises ;  (2)  that 
bromine  also  is  somewhat  associated  but  on  rise  of  temperature 
gives  simpler  groupings  of  Br, ;  (3)  that  nitric  acid  consists 
largely  of  molecular  groups  (HNO3),;  (4)  that  sulphuric  acid  is  a 
very  complex  t^ubstance  at  ordinary  temperature  its  complexity 
being  probably  not  lower  than  (H^SOJj,,  a  rapid  diminution 
taking  place  above  132®;  and  (5)  that  phosphorus  in  the  liquid 
state  has  a  molecular  mass  the  same  as  that  of  its  gas  P^. — Jour. 
Chem,  ISoc,  Ixiii,  1089,  Sept.  1893  ;  Ixv,  167,  March,  1894. 

G.  P.  B. 

3.  On  the  Manufacture  of  Oxygen,  from  Calciutn  Plumhate, — 
It  had  been  observed  by  Le  Chatelier,  on  investigating  the  disso- 
ciation of  calcium  plumbate,  that  in  order  to  evolve  the  oxygen 
by  heat  alone,  it  was  necessary  to  raise  the  temperature  about 
200°  higher  than  was  required  by  barium  peroxide;  but  that,  on 
the  other  band,  the  oxygen  is  more  rapidly  and  completely  re- 
absorbed from  the  air  at  lower  temperatures  by  the  plumbate 
than  by  the  peroxide.  Kassner  has  now  called  attention  to  the 
fact  that  while  the  oxygen  can  be  obtained  from  the  plumbate  by 
heat  alone  other  methods  are  more  advantageous.  He  especially 
recommends  the  following:  Porous  calcium  plumbate  is  mois- 
tened with  steam  and  subjected  to  the  action  of  washed  furnace 
gases  preferably  at  a  temperature  below  100°.  The  carbon  di- 
oxide in  these  gases  is  rapidly  absorbed,  the  material  then  con- 
sisting of  a  mixture  of  calcium  carbonate  and  lead  peroxide. 
This  is  transferred  to  a  retort  kept  constantly  at  a  red  beat  and 
in  this  the  oxygen  is  evolved,  the  evolution  being  much  helped 
by  the  introduction  of  a  current  of  steam.  After  the  oxygen  is 
evolved,  the  current  of  steam  is  continued,  and  the  temperature 
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raised ;  when  carbon  dioxide  is  set  free  and  may  be  collected  for 
use.  The  calcium  plurabate  is  then  regenerated  by  means  of  a 
current  of  air.  Peitz  has  modified  this  process  by  decomposing 
the  phimbate  by  a  current  of  pure  carbon  dioxide  at  a  red  heat. 
Kassner  claims  for  his  plambate  process  as  advantages  over  the 
Brin  barium  oxide  process  1st,  obtaining  pure  carbon  dioxide  as 
a  by-product;  2d,  the  use  of  low  temperatures  and  consequent 
saving  in  fuel  and  in  wear  and  tear  of  the  retorts. —  Chemische 
Zeitung^  xvii,  1242;  J,  Chenu  JSoc,^  Ixvi,  ii,  89,  March,  1894. 

G.  F.  B. 

4.  On  the  Base-forming  Function  of  Iodine, — Thus  far  iodine 
has  been  classed  solely  as  a  negative  or  acid  forming  element. 
But  V.  Meyer  and  Hartmann  have  now  shown  that  it  is  capable 
of  acting  to  form  basic  compounds,  and  so  is  analogous  in  this 
respect  to  nitrogea.  In  fact  trivalent  iodine  can  form  a  powerful 
base  resembling  ammonia  and  which  forms  well  defined  salts  with 

acids.     This  base  is  constituted  thus :  1;--H  being  in  its  structure 

H 

similar  to  hydroxylamine  N— ^  .  The  new  substances  pre- 
pared by  the  authors  are  derivatives  of  this  simple  form  and  have 
the  constitution  I--C8H4 1  and  I--C«H5.     Meyer  was  led  to  suspect 

this  property  of  iodine  from  the  fact  that  the  group  10  seems  to 
give  basic  properties  to  the  compounds  in  which  it  occurs,  iodoso- 
benzoic  acid  for  example  CgH^(IO)(COOIl)  being  a  much  weaker 
acid  than  iodo-benzoic  acid  C,HJ(COOII).  It  would  appear 
therefore  that  H.  I:  O,  though  called  hypoiodous  acid,  will  when 
isolated  be  found  to  be  a  base.  The  first  new  iodine  base  was 
produced  from  iodosobenzene  C.HJO,  which  itself  forms  salts 
with  acids.  By  dissolving  this  substance  in  the  calculated  quan- 
tity of  strongly  cooled  concentrated  sulphuric  acid,  the  solution 
becomes  brown  and  contains  only  the  sulphate  of  the  new  base. 
On  diluting  by  adding  ice  and  treating  with  potassium  or  sodium 
chloride,  bromide  or  iodide,  the  halogen  salt  of  the  new  base  is 
precipitated ;  this  base  resembling  closely  in  this  respect  the 
metals  silver,  lead  and  thallium.  From  the  precipitated  iodide 
thus  obtained  the  free  base  is  obtained  by  treatment  with  moist 
silver  oxide.  Its  solution  reacts  strongly  alkaline,  and  on  evapo- 
ration yields  a  gummy  mass.  The  empirical  formula  of  the  iodide 
is  C^HJ;  but  as  it  decomposes  on  dry  distillation  completely  into 
mono-  and  di-iodobenzene,  its  molecular  formula  must  be  C,,HgI,, 
and  the  formula  of  the  base  Cj^H  J^ .  OH.  The  chloride  is  a 
white  curdy  precipitate  much  resembling  silver  chloride,  but 
crystallizing  from  warm  acetic  acid.  The  bromide  is  a  pale  yel- 
low precipitate,  similar  to  silver  bromide,  fusing  at  167°-8°. 
The  nitrate  is  precipited  by  nitric  acid  from  the  sulphuric  acid 
solution  as  a  whitef  mass,  soluble  in  hot  water. 
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In  a  subsequent  paper  the  authors  describe  the  diphenyl  deriva- 
tive of  the  new  base  which  they  call  iodonium  hydroxide.  On 
treating  iodosobenzenc,  which  has  been  exposed  in  a  thin  layer 
to  sunlight  for  a  few  days  or  better,  has  been  heated  for  some 
hours  to  60°,  with  moist  silver  oxide,  the  diphenyl  derivative  of 
the  new  base  is  produced.  It  appears  that  the  iodosobenzene 
C  H  JO  is  oxidized  to  C,H  JO^ ;  and  the  reaction  is  C,H  .  lO-f 
C.H,.IO,-fAg  OH=Ag  IO,-fHO.I.(C.H),.  If  a  mixture  of 
these  iodized  benzenes  in  proper  proportion  be  mixed  with  silver 
oxide  and  agitated  for  three  hours  and  then  filtered,  the  clear 
solution  on  adding  potassium  iodide  yields  over  ninety  per  cent 
of  the  theoretical  quantity  of  crystals  of  diphenyl-iodonium 
iodide.  The  salts  of  the  iodonium  bases  strongly  resemble  those 
of  silver,  lead  and  thallium.  The  diphenyl  iodide  forms  large 
and  beautifully  grouped  acicular  crystals  fusing  at  175^-6°  and 
passing  into  the  polymeric  mono-iodo-benzene  C^HJ.  The  aque- 
ous solution  of  the  free  base  is  very  stable,  is  strongly  alkaline 
and  absorbs  carbon  dioxide.  Sodium  sulphide  precipitates  a  yel- 
low and  ammonium  sulphide  an  orange  sulphide. — Ber.  BerL 
Chem,  Ges.,  xxvii,  426,  602,  Feb.  Mch.,  1894,  g.  f.  b. 

6.  Diminution  of  the  force  of  gravity  xoith  the  height^  deter- 
mined by  weighing, — Franz  Richarz  and  Otto  Kbigab  Mbnzbl 
communicate  some  preliminary  results  obtained,  from  a  very  com- 
plete experimental  station  established  in  the  fortifications  at  Span- 
dau.  Each  of  the  two  pans  of  a  balance  were  provided  with  rods  2 
meters  long ;  upon  these  rods  other  scale  pans  were  hung.  A  direct 
determination  of  the  difference  of  weight  in  these  scale  pans  was 
made.  Futhermore  a  mass  of  lead  weighing  100,000  kilograms 
was  placed  in  the  space  between  the  two  vertical  pans.  On  the 
upper  pan  the  force  of  the  earth  and  the  attraction  of  the  lead  mass 
act  in  the  same  direction.  On  the  lower  pan  they  act  in  opposite 
directions.  A  complete  description  is  given  of  the  installation  of 
the  apparatus  in  a  room  of  the  fortress.  Unusual  precautions 
were  taken  to  avoid  changes  of  temperature.  Only  at  short  inter- 
vals, however,  could  concordant  observations  be  taken.  A  discus- 
sion of  the  method  of  weighing  is  given.  The  difference  of  weight 
obtained  was  g^—gQ=0'0fib2Z  m^ec'  while  the  calculated  valne 
was  ^.— (7o=0'0^697  m/Bec*. 

The  observed  value  was  thus  smaller  than  the  calculated  valne. 
The  authors  are  now  in  a  condition  to  carry  the  investigation  to 
a  successful  conclusion. — Ann,  der  Physik  und  Chemie^  pp.  559- 
583,  No.  3,  1894.  j.  t. 

6.  A  law  of  candle  flames, — P.  Glan,  after  a  careful  examina- 
tion of  the  illuminating  power  of  candle  flames  in  comparison  with 
their  dimensions  concludes  that  equal  portions  of  the  name  of  dif* 
ferent  candles  radiate  the  same  amount  of  light.  The  value  of  the 
lighting  power  of  a  cubic  centimeter  of  a  candle  flame  can  be  ex- 
pressed in  terms  of  0*7035*^™  flame  volume  of  a  Walratkerze. — 
An7i,  der  Physik  xmd  Chemie^  pp.  564-590,  No,  3,  1894.     j.  t. 
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7.  A  ring  magnet  for  obtaining  intense  magnetic  fields, — Very- 
little  attention  has  been  paid  to  the  better  construction  of  power- 
ful electromagnets  for  physical  experiments.  In  most  physical 
cabinets  will  be  found  the  Kuhmkorff  magnet  which  was  designed 
before  clear  ideas  of  the  magnetic  circuit  had  been  obtained. 
H.  DuBois  has  therefore  designed  a  ring-formed  electromagnet 
by  means  of  which  experiments  with  powerful  magnetic  fields 
can  be  carried  out.  The  entire  magnet  constructed  under  his  direc- 
tion weighed  between  500  and  600  pounds — between  suitable  con- 
ical pole  pieces  a  field  of  40,000  C.  G.  S.  units  was  obtained,  over 
a  space  whose  diameter  varied  from  three  to  five  millimeters. — 
Ann.  der  Phyaik  und  Chemie,  pp.  537-549,  No.  3,  1894.      j.  t. 

II.    Geology  and  Mikeralogy. 

1.  The  age  of  the  White  Limestones  near  Warwick,  Orafige  Co.^ 
N.  Y, — An  examination  of  the  geological  structure,  and  a  petro- 
graphical  study,  of  the  white  and  blue  crystalline  limestones  and 
associated  granites  of  the  regions  about  Mounts  Adam  and  Eve  have 
been  made  by  Messrs.  J.  F.  Kemp  and  Arthur  Hollick.  This 
is  the  northern  extension  of  the  belt  of  limestones  described  by 
F.  L.  Nason  in  the  New  Jersey  Annual  Report  for  1890  under  the 
title  of  "  The  Post-Archaean  age  of  the  white  limestones  of  Sussex 
Co.,  N.  J."  (see  this  Journal,  vol.  xlii,  p.  70, 1891.)  The  authors  of 
the  present  paper  are  *'  on  the  whole  forced  to  the  opinion  that  the 
white  limestone  is  metamorphosed  blue,"  which  in  its  extension 
in  New  Jersey  contains  Cambrian  fossils,  and  think  it  most 
reasonable  to  attribute  the  change  to  the  granite  intrusions.  *'  The 
limestones  near  the  contact  become  charged  with  silicates,  either 
in  bunches  and  irreglar  masses  or  else  in  general  dissemination.- 
These  masses  are  chiefly  brownish-green  hornblende  of  a  peculiar 
tint,  dark  brown  biotite  or  phlogopite,  light  green  pyroxene, 
titanite,  calcite,  pyrite  and  some  scapolite.  Chondrodite,  at  times 
thickly  charges  the  limestone  and  with  it  spinel.  The  white 
limestone  graduates  into  blue  with  transitional  graphitic  forms, 
and  the  remote  blue  limestone  shows  no  metamorphism,  and  the 
same  belt  in  New  Jersey  contains  Cambrian  fossils."  The  facts 
in  the  case  do  not  seem,  to  the  writer  of  this  article,  to  warrant 
the  conclusion  that  the  white  limestone  is  of  Cambrian  age.  The 
presence  of  Cambrian  fossils  in  a  limestone  of  the  same  region 
but  everywhere  distinctly  different  from  it  in  color,  texture  and 
contained  minerals,  leave  the  presumption  that  it  is  distinct  in  age 
as  it  is  distinct  in  lithological  character  from  the  blue  limestone, 
so  long  as  there  is  neither  fossil  evidence  to  determine  any  age, 
nor  continuity  in  the  sedimentation  to  show  stratigraphical 
sequence.  I  have  examined  in  Arkansas  two  examples  of  unal- 
tered, stratified  limestones  of  different  geological  age,  appearing 
in  the  same  section,  with  only  slight  difference  in  texture,  color 
or  position  of  bedding,  which  were  classified  by  careful  geologists 
as  one  continuous  limestone.     In  one  case  the  fossils  on  one  side 
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the  line  of  separation  were  found  to  be  of  Ordovician  age,  those 
on  the  other  side  Upper  Silurian.  In  the  other  case  the  fossils 
from  below  were  Silurian  and,  with  only  a  slight  interval  between, 
the  strata  above  contained  Carboniferous  fossils.  In  the  light  of 
such  facts  it  would  seem  more  reasonable  to  regard  these  white 
limestones  of  New  York  and  New  Jersey  as  distinct  from  the 
blue  limestones  of  the  same  regions  because  of  their  persistent 
lithological  differences  until  actual  evidence  in  the  shape  of  fossils 
proves  their  geological  age.  The  presumption  is  in  favor  of  the 
theory  of  their  different  age  until  they  can  be  shown  to  be  con- 
tinuous, and  in  the  absence  of  such  evidence  it  is  unprofitable  to  con- 
fuse them.  A  valuable  List  and  Bibliography  of  the  minerals 
occurrmg  in  Warwick  Township^  by  IIejnrich  Ribs,  is  appended 
to  tl)e  paper. —  Granite  at  Mounts  Adam  and  Eve^  Warwick, 
Orange  Co,,  Nl  Y,,  aiid  its  contact  phenomena. — Ann,  New 
York  Acad,  Sci,,  vol.  viii,  pp.  638-654.  h.  s.  w. 

2.  The  Cretaceoiis  Flora  of  Long  Island, — Mr.  Hollick  has 
increased  our  knowledge  of  this  flora  by  descriptions  of  forty- 
six  species,  nine  of  which  are  new  species,  in  a  paper  entitled 

^Additions  to  the  Paleobotany  of  the  Cretaceous  formation  on 
Long  Island,  Bull.  Torr.  Bot.  Club,  by  Arthur  Hollick.  Vol. 
XXi,  pp.  47-65  and  Plates  174-180,  Feb.  1894;  and  in  a  second 
paper  :  Some  further  notes  on  the  Geology  of  the  North  Shore  of 
Long  Island,  Trans.  N.  Y.  Acad.  Sci.,  xiii,  pp.  122-132,  1894,  has 
shown  the  relations  of  50  determined  species,  23  species  being 
identified  with  species  of  the  Dakota  group,  of  western  North 
America,  16  also  are  identified  with  the  lower  Atane  flora,  and 
7  with  the  Patoot  flora  of  Greenland,  and  a  few  with  other 
fossil  floras. 

3.  A  Monograph  of  the  Devonian  JBauna  of  the  south  of 
England  ;  by  G.  F.  Whidborne.  Vol.  I,  pp.  1-344  and  Plates  i- 
XXXI ;  Vol.  \1  (parts  i  to  iii),  pp.  1-1 60,  and  Plates  i-xvii.  Pale- 
ontographical  Society,  London,  1889-1893.—  Prof.  Phillips'  "  Pale- 
ozoic Fossils  of  Devon  and  Cornwall,"  in  1841,  defined  the  strati- 
graphy and  paleontology  of  the  Devonian  System  of  England,  and 
has  since  that  time  served  as  the  basis  for  the  identification  of  the 
system  in  other  regions.  The  faunas  of  the  Rhenish  Devonian,  of 
the  Hartz,  of  Belgium  and  of  France  and  Spain,  of  Russia,  and  of 
New  York  and  several  other  tracts  in  North  America  have  been 
exhaustively  studied,  and  described,  while  this  typical  fauna  of 
the  Devonian  has,  as  a  whole,  remained  with  little  more  elaboration 
than  it  had  fifty  years  ago.  This  monograph  of  Mr.  Whidborne's 
will  therefore  be  of  special  importance  in  determining  the  precise 
fauna  of  the  original  Devonian  limestone.  The  author  has  con- 
fined his  descriptions  to  the  fauna  of  the  limestone  of  Lummaton, 
Wol borough,  Chircombe  Bridge  and  Chudleigh  : — ^thus  restricting 
the  monograph  to  a  single  fossil  fauna.  When  this  shall  have 
been  completed  we  will  have  before  us  a  definite  standard  for 
comparison  and  correlation. 
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In  vol.  i,  a  single  vertebrate  bone  fragment,  20  species  of  Trilo- 
bites  and  15  other  Crustacea,  60  species  Cephalopods,  116  Gastro- 
pods, are  described.  The  second  volume  begins  with  the  Lamelli- 
branchs,  of  which  56  species  are  described,  and  the  Brachiopods 
are  partly  done,  86  species  having  already  been  noticed.  David- 
son, in  1882,  in  the  supplement  to  the  monograph  on  Britisli 
Devonian  Brachiopoda,  gave  a  list  of  sixty-two  species  from 
Lummaton,  based  upon  the  material  in  Mr.  Whidborne's  and  in 
Mr.  Vicary's  collections,  and  some  of  the  species  were  then  de- 
scribed, but  here  the  species  are  figured  and  their  relations  to  other 
allied  forms  discussed.  The  monograph  is  a  valuable  contribution 
to  the  precise  definition  of  one  of  the  standard  faunas  of  the  geo- 
logical time  scale;  discussion  of  the  fauna  itself  is  reserved  for 
a  future  communication.  h.  s.  w. 

4.  Topaz  from  Texas;  by  George  F.  Kunz,  (communicated). 
— Five  crystals,  all  more  or  less  rolled,  showing  that  they  had 
been  taken  from  the  bed  of  some  stream  or  brook,  were  lately  sent 
to  Messrs.  Tiffany  &  Company,  of  New  York,  on  the  supposition 
that  they  might  be  diamonds.  Four  of  these  proved  on  examina- 
tion to  be  topaz  crystals.  The  largest  one,  of  a  faint  pale  green 
color,  with  dull  rubbed  surfaces,  somewhat  rolled  and  fractured, 
and  slightly  etched  faces,  resembled  the  more  highly  modified 
crystals  of  this  species  from  Alabashka  in  the  Urals,  and  Colorado. 
Its  size  was  17  X 16  X  12"™.  The  following  iaces  have  been  identi- 
fied, and  verified  by  measurements  with  the  hand  goniometer : — 
the  base,  0.0.1,  domes  0.21,  and  0.4.1,  pyramids  1.1.1,  and  .121, 
and  prisms  1.1.0,  and  1.2.0. 

Two  crystals  were  white,  with  very  little  form,  save  that  the 
strong  basal  cleavage  was  very  apparent.  One  of  the  smaller 
ones  was  about  lO""™  in  diameter,  very  much  etched,  and  resem- 
bled the  etched  wine-colored  crystals  from  Cheyenne  Mountain, 
Colorado.  No  other  information  was  given  about  them  than  that 
they  came  from  near  Palestine,  Texas, — evidently  from  the 
granite  rocks. 

This  is  the  first  noted  occurrence  of  topaz  in  Texas ;  and  its 
presence  suggests  that  it  may  probably  be  found  in  connection 
with  other  minerals  associated  with  topaz  and  peculiar  to  the 
Urals,  Madagascar,  Ceylon,  and  Oxford  County,  Maine. 

In  December,  1893,  my  attention  was  called  by  Prof.  William 
H.  Hobbs,  Professor  of  mineralogy  and  metallurgy  in  the  Uni- 
versity of  Wisconsin,  at  Madison,  to  a  diamond  that  had  been 
found  in  Oregon  township,  two  and  one-half  miles  southwest  of 
Oregon  village  in  Dane  County,  Wisconsin.  Through  his  cour- 
tesy, the  stone  was  sent  to  me  by  the  finder,  Mr,  Charles  Devine 
of  the  place  just  named.  The  diamond  was  found  by  him  while 
husking  corn  in  October,  1893,  in  a  rough,  stony  field  which  had 
been  under  the  plough  for  forty  years.  The  bank  of  clayey  earth 
in  which  it  was  found  contained  a  large  number  of  rounded  peb- 
bles of  quartz,  but  no  other  of  the  associated  minerals  of  the  dia- 
mond ;  and  as  the  entire  district  consists  of  glacial  drift  coming 

Am.  Jour.  Sol— Third  Series,  Yol.  XLYII,  No.  281.— Mat,  1894. 
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from  the  north,  a  diamond-bed  is  not  likely  to  exist  in  the  imme- 
diate vicinity,  but  is  rather  to  be  looked  for  in  the  direction  from 
which  the  drift  came.  The  diamond  is  a  rhombic  dodecahedron, 
deeply  pitted  with  circular,  elongated,  reniform  niarkings.  In 
color  it  is  slightly  grayish-green.  It  is  one  of  the  kind  of  dia- 
monds, however,  of  which  the  color  is  likely  to  be  superficial,  and 
it  would  probably  cut  into  a  rounded  stone.  Its  weight  is  three 
and  three-quarters  and  one-sixteenth  (3f  ^)  karats.  This  is  the 
second  authentic  occurrence  of  diamond  in  Oregon,  Wis.,  the 
other  occurrence  being  that  of  three  small  stones,  the  largest  of 
which  weighed  (|4)  twenty-five  thirty-seconds  of  a  karat.  A  16- 
karat  diamond  was  reported  to  have  been  found,  also  in  the  glacial 
drift  at  Waukesha,  Wis.,  in  1884.  Some  litigation  resulted  from 
its  finding,  and  considerable  doubt  was  expressed  at  the  time  as 
to  the  genuineness  of  the  discovery. 

5.  Les  Enclaves  des  Heches  Volcanique;  by  A.  Lacboix  {Anji. 
deVAcad,  de  Macon.  Tome  X,  1893,  pp.  710). — Nothing  per- 
haps marks  more  clearly  the  great  advance  that  is  being  made  in 
the  science  of  petrology  than  the  appearance  of  a  handbook  like 
this,  devoted  to  a  special  phase  of  the  subject.  The  inclusions 
occurring  in  volcanic  rocks  have  been  previously  studied  by  Pro- 
fessor Lacroix  (Bull,  de  la  Soc,  Geol.  de  France,  vol.  xviii,  p.  845, 
1890),  but  in  the  present  memoir  he  has-  greatly  extended  his  own 
work  and  adds  a  resum6  of  the  observations  of  others.  Accord- 
ing to  his  method  of  classification  the  inclusions  are  divided  into 
two  classes,  those  whose  origin  is  known  or  supposed  to  be  not 
the  same  as  that  of  the  rock  in  which  they  occur,  as  a  fragment 
of  schist  in  basalt,  which  are  called  enallogenetic  (^nallogene), 
and  those  whose  origin  is  inferred  to  be  similar,  as  sanidinite  in 
phonolites  and  trachytes.  These  are  called  homogenetic.  The 
volcanic  rocks,  for  classificatory  purposes,  are  also  divided  into 
two  classes,  the  basaltic  ones,  those  of  dark  color,  basic  in  compo- 
sition, and  which  have  been  reproduced  artificially,  and  trachytic 
rocks,  chiefly  feldspathic,  which  have  not  yet  been  made  by  artifi- 
cial processes.  It  is  evident  that  the  study  of  inclusions  of  the 
first  class  is  that  of  extreme  contact  metamorphism.  Many 
interesting  results  and  theories  are  given  which  it  would  be  im- 
possible to  discuss  here.  The  volume  is  well  illustrated  by  a  large 
number  of  cuts  and  beautiful  colored  plates.  It  will  prove  of  great 
service  to  all  working  petrographers,  l.  v.  p. 

6.  The  Laramie  and  the  overlying  Livingston  Formation  in 
Montana,  by  Walter  Harvey  Weed,  with  Report  on  Flora, 
by  Frank  Hall  Knowlton,  (Bull.  U.  S.  Geol.  Survey,  No.  106.) 
pp.  68,  6  pi.  1893. — The  authors  of  these  papers  have  given  val- 
uable descriptions  of  the  geology  and  of  some  of  the  fossil  plants 
from  the  rocks  studied  in  the  region  along  the  base  of  the  moun- 
tains south  of  the  Yellowstone,  near  Livingston,  Montana. 
The  total  section  in  the  vicinity  of  Livingston  and  in  the  canyon 
of  the  Yellowstone  consists  of  Algonkian  schists  at  the  base ;  835 
feet  Cambrian  shale,  limestones^  with  some  quartzi^sat  the  base; 
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450  ft.  Devonian,  limestones  and  some  shales ;  1 900  ft.  Carbonif- 
erous, limestone  below  and  quartzites  and  sandstones  above ;  460 
ft.  Jurassic  sandstones  and  limestones ;  4700  Cretaceous,  made  up 
of  Dakota  sandstones  and  conglomerates,  600  ft.;  1600  It. 
ColoradQ,  argillaceous  limestone  and  bituminous  shales,  1500  ft. 
Montana,  sandy  shales  and  argillaceous  shales,  1000  Laramie, 
coal  bearing  sandstones  and  shales,  capped  by  7000  feet  of  sand- 
stone grits,  conglomerates  and  clays,  mainly  debris  of  lavas 
and  volcanic  rocks,  which  the  authors  have  named  the  Livingston 
formation. 

The  change  in  the  lithology — rounded  Archaean  sand  and 
pebbles  of  the  Laramie  being  capped  by  the  angular  volcanic 
ejectamenta  of  the  higher  beds,  together  with  evidence  of  at 
least  local  unconformity,  are  the  characters  chiefly  relied  on  by 
the  authors  for  calling  the  Livingston  formation  post-Laramie. 

The  plant  remains  are  shown  to  have  some  Laramie  affinities 
but  represent  more  strongly  the  Denver  flora.  Of  the  22  species  of 
the  Livingston  beds  having  a  distribution  outside  the  area 
examined,  17  are  found,  as  the  authors  remark,  ''either  exclu- 
sively in  the  Denver  or  have  their  greatest  development  in  this 
formation";  but  we  notice,  also,  that  12  of  these  same  22  species 
are  also  found  in  the  Laramie,  and  4  other  species,  not  ranging 
outside  this  area,  are  also  found  in  the  underlying  Bozeman- 
Laramie.  So  far,  then,  even  if  the  horizon  be  correlated  with  the 
Denver  beds,  the  plants  rather  confirm  Dr.  White's  interpreta- 
tion of  the  Denver  formation  as  being  equivalent  to  upper 
Laramie  and  not  to  post-Laramie.  The  only  reported  fossil 
fauna  seems  to  us  to  weaken  the  conclusion  of  the  authors.  It 
comes  from  a  "  white  calcaerous  sandstone  interbedded  with  the 
characteristic  dark  colored  sandstone  grits  and  shale  beds  of  the 
Livingston  about  500  feet  above  the  base."  Mr.  Stanton  has  iden- 
tified the  fossils  as  undoubted  Laramie  fossils. 

Whatever  change,  therefore,  is  represented  by  the  passage 
from  rounded  water- worn  Laramie  sands  and  pebbles  to  angular 
volcanic  eject menta  and  local  unconformity,  the  fact  that  the 
same  fauna  appears  600  feet  above  the  break  shows  conclusively 
that,  biologically  measured,  the  time  interval  was  insignificant, 
and  the  change  in  the  flora  is  more  likely  to  have  been  the  result 
of  the  climatal  changes  incident  to  the  volcanic  eruptions  than  to 
any  considerable  evolution  of  the  total  land  floras  of  the  conti- 
nent. Although  we  should  interpret  the  Livingston  beds  to  be 
upper  Laramie  according  to  the  evidence  adduced,  rather  than 
post-Laramie  as  the  authors  maintain,  this  does  not  detract  from 
the  value  of  this  excellent  contribution  to  the  geology  of  an  inter- 
esting region.  h.  s.  w. 

IIL    Miscellaneous   Scientific  Intelligence. 

1.  Bulleti7i  of  the  American  Museum  of  Natural  History , 
Yol.  V,  contains  the  following  articles  of  geological  interest: 
Art.  1,  Artionyx,  a  new  genus  of  Ancylopoda^  by  H.  F.  Osborn  and 
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J.  L.  WoRTMAN,  pp.  1-18;  Art.  IX,  On  the  divisions  of  the  White 
River  or  lo^cer  Miocene  of  Dakota^  by  J.  L.  Wobtmax,  pp.  95- 
106;  ArL  XI,  Aficestors  of  the  Tapir  from  the  Lower  Miocene  of 
Dakota,  by  J.  L.  Wobtman  and  Chablbs  Eable,  pp.  159-180; 
Art.  XVII,  Fossil  Mammals  of  the  upper  Cretaceous  heds^  by 
H.  F.  OsBORN,  pp.  311-330  ;  Art  XVIII,  Characters  of  Protoceras 
(Marsh),  the  iiew  Artiodactyl  from,  the  lower  Miocene,  by  H.  F. 
OsBORN  and  J.  L.  Wobtman,  pp.  361-372. 

2.  Biological  Lectures  delivered  at  the  Marine  Biological  Labo- 
ratory of  Wood^s  Moll,  in  the  Bnmmer  session  of  1893.  242  pp. 
Boston,  1894  vGinn  &  Co.). — This  is  a  series  of  lectures  by  origi- 
nal investigators  discussing  the  live  problems  in  the  several  fields 
of  their  work,  designed  particularly  for  special  students  already 
acquainted  with  the  principles  of  biological  research. 

The  subjects  discussed  are  the  Mosaic  Theory  of  Development, 
by  E.  B.  Wilson ;  The  Fertilization  of  the  Ovum,  by  E.  G.  Conk- 
lin ;  On  some  facts  and  principles  of  Psychological  Morphology, 
by  J.  Loeb ;  Dynamics  in  Evolution,  by  J.  A.  Ryder ;  On  the 
nature  of  Cell  organization,  by  S.  Watas6 ;  The  inadequacy  of 
Cell-theory  of  Development,  by  C.  O.  Whitman;  Bdellostoma 
Dombeyi,  Lae.,  by  Howard  Ayres;  The  influence  of  external 
conditions  on  Plant  Life,  by  W.  P.  Wilson ;  Irrito-contractility 
in  Plants,  by  J.  Muirhead  Macfarlane;  The  Marine  Biological 
Stations  of  Europe,  by  Bashford  Dean  ;  and  an  appendix  on  the 
Work  and  Aims  of  the  Marine  Biological  Laboratory,  by  C.  O. 
Whitman,  the  Director. 

3.  Star  Catalogue, — The  late  Dr.  Peters  and  his  assistant, 
Charles  A.  Borst,  at  the  Litchfield  Observatory  were  preparing 
an  extensive  Star  Catalogue.  The  ownership  of  the  manuscript 
and  of  the  Catalogue  has  been  the  subject  of  legal  contest. 

The  decision  was  in  favor  of  Dr.  Peters;  but  the  Court  of 
Appeals  has  recently  reversed  the  decision  and  ordered  a  now 
trial.  It  is  to  be  hoped  that  under  some  agreement  of  the  parties 
the  Catalogue  may  now  be  completed  by  Mr.  Borst,  and  pub- 
lished without  further  delay.  h.  a.  n. 

The  Rensselasr  grit  Plateau  in  New  York,  by  T.  Nelson  Dale.  Extracts  from 
the  13lh  Ann.  Kept,  of  the  Director,  U.  S.  G.  S.  1891-2,  pp.  291-340,  with  Plates 
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Washburn  Observatory  of  the  University  of  Wisconsin.  Yol.  VIII.  Meridian  circle 
observations  1887-1892.  Part  T.  Results  of  meridian  circle  observations,  1888- 
1890,  by  Prof.  S.  J.  Brown,  U.  S.  N.,  Albert  Flint  and  H.  Y.  Egbert.  With  an 
introduction  by  George  C.  Comstock,  Director,  pp.  1-300,  1892.  Part  II,  Me- 
ridian circle  observations  of  Mars  at  the  opposition  of  1892,  prepared  for  publica- 
tion by  Albert  S.  Flint,  Assistant  Astronomer,  pp.  301-327,  1893. 

Kin  geologischer  querschnitt  durch  die  Ost-Alpen  nebst  anbang  iiber  die  sog. 
Glarner  doppelfalte,  by  A.  Rothpletz. — (E.  Schweitzerbart'scbe  Yerlangsband- 
lung,  Stuttgart.    1804.    pp.  268.    1  long  plate  and  115  cuts  in  the  text.) 

A  Ireatise  on  Elementary  Hydrostatics,  by  John  G  reaves,  204  pp.,  Cambridge, 
1894.     (Macmillam  &  Co.,  Now  York,  price  $1.00.) 
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Art.  XLVII. — Restoration  of  Elotherium  ;  by  O.  C.  Marsh. 

(With  Plate  IX.) 

The  genus  Elotherium^  established  by  Porael  in  1847,  rep- 
resents a  family  of  extinct  mammals,  all  of  much  interest. 
They  were  first  found  in  Europe,  but  now  are  known  in  the 
Miocene  of  North  America,  not  only  on  the  Atlantic  coast, 
but  especially  in  the  Rocky  Mountain  region,  and  still  further 
west.  This  family  includes  several  genera,  or  subgenera,  and 
quite  a  number  of  species,  some  of  which  contain  individuals 
of  large  size,  only  surpassed  in  bulk  among  their  contempora- 
ries by  members  of  the  Rhinoceros  family,  and  of  the  nuge 
RrontotheridcB, 

Remains  of  this  group  have  thus  been  known  for  nearly 
lialf  a  century,  yet,  until  recently,  comparatively  little  had 
been  determined  with  certainty  regarding  the  skeleton,  or  of 
the  skull  except  the  dentition,  although  Ayraard,  Leidy, 
Kowalevsky,  and  others,  have  made  interesting  contributions  to 
the  subject.  In  a  late  paper,*  the  writer  gave  figures  of  a 
finely  preserved  skull,  and  also  of  a  fore  and  hind  foot,  of  one 
of  the  largest  species,  Elotherium  crassum^  Marsh,  and  in  the 
present  article  an  attempt  is  made  to  restore  the  entire  skele- 
ton of  this  animal,  to  serve  as  a  typical  example  of  the  group. 

The  restoration,  one-twelfth  natural  size,  given  on  Plate  IX, 
represents  a  fully  adult  individual,  which,  when  alive,  was 
more  than  seven  feet  in  length  and  about  four  feet  in  height. 
The  basis  of  this  restoration  is  the  type  specimen  of  Elothe- 
rium crassum.^  which  was  found  by  the  writer  in  1870,  in  the 
Miocene  beds  of  northeastern  Colorado,  and  described  in  1873.f 
A  number  of  other  specimens  since  obtained  in  the  same 
region,  and  still  others  from  essentially  the  same  horizon  in 
South  Dakota,  all  evidently  pertaining  to  this  species,  were 
likewise  used  in  the  restoration. 

*  This  Journal,  vol.  xlvi,  p.  408,  plate  viii,  November,  1 893. 
\  Ihid.j  vol.  V,  p.  487,  June,  1878. 
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The  type  specimen,  although  incomplete,  includes  portions 
of  the  skull,  with  various  vertebrse  and  bones  of  the  limbs  and 
feet,  and  these  were  sufficient  to  determine  the  general  form 
and  proportions  of  the  animal  here  restored.  The  additional 
specimens  used  are  mostly  in  good  preservation,  and  some  of 
them  are  almost  as  perfect  as  in  life.  Hence,  the  skeleton, 
as  represented  on  Plate  IX,  is  believed  to  be  correct  in  all 
its  essential  features. 

Looking  at  the  skeleton,  as  here  shown,  it  is  evident 
that  the  most  striking  features  are  the  large  and  peculiar 
skull,  and  the  elongate  and  slender  limbs  and  feet,  characters 
that  do  not  in  themselves  suggest  the  suilline  affinities  of  the 
animal,  which  a  closer  study  brings  to  light.  The  most  nota- 
ble points  in  the  skull,  as  here  indicated,  are  the  long,  pendent 
process  of  the  malar  bone,  characteristic  of  some  of  the  sloths, 
and  the  strong  projections  on  the  lower  jaw.  The  latter  sup- 
plement the  malar  process,  but  are  developed  to  a  greater 
degree  than  in  any  other  mammals.  Another  feature  of  the 
skull  to  which  the  writer  has  already  called  attention  is  the 
very  small  brain-case,  which  proves  that  the  brain  itself  was 
very  diminutive.  This  was  also  true  of  the  other  known  spe- 
cies, and  was  probably  the  main  reason  which  led  to  the 
early  extinction  of  the  whole  group. 

The  slender,  highly  specialized  limbs  and  feet  are  likewise 
particularly  noticeable  in  the  restoration.  They  indicate 
clearly  that  the  animal  was  capable  of  considerable  speed,  and 
this  must  have  been  of  great  service  as  a  protection  from  its 
enemies.  It  will  be  seen  that  in  each  foot  there  are  only  two 
functional  digits,  corresponding  to  the  third  and  fourth  in 
man.  The  first  digit  is  entirely  wanting,  and  only  remnants 
remain  of  the  second  and  fifth. 

Such  reduction  was,  of  course,  a  gradual  process,  extending 
over  long  geological  periods.  It  indicates  clearly  a  change  of 
environment  from  the  swampy  home  of  the  primitive  five-toed 
suilline  to  the  elevated,  firm  upland  of  later  times,  over  which 
the  present  species  and  its  near  allies  doubtless  roamed.  A 
parallel  instance,  still  more  striking,  is  seen  in  the  gradual 
change  which  took  place  in  the  equine  mammals,  as  first  shown 
by  the  writer  more  than  twenty  years  ago.* 

The  ElotheridcB  were  evidently  true  suillines,  but  formed  a 
collateral  branch  that  became  extinct  in  the  Miocene.  They 
doubtless  branched  off  in  early  Eocene  time  from  the  main 
line,  which  still  survives  in  the  existing  swine  of  the  old  and 
new  worlds. 

Yale  University,  New  Haven,  Conn.,  April  12,  1894. 

*  This  Journal,  vol.  vii,  p.  257,  Marob^  1874. 
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Art,  XLVIIL — A  New  Miocene  Mammal ;  by 
O.  C.  Marsh. 

Vakious  remaiDs  in  the  Yale  Museum  eeem  to  indicate  a 
new  ungulate  mammal,  apparently  allied  to  Hyopotamua. 
The  specimens,  althoagh  distinctive,  were  not  found  together, 
and  their  relation  to  each  other  cannot  now  be  determined. 
A  very  perfect  last  upper  molar,  which  may  be  taken  as  the 
type,  is  shown  natural  size  in  the  accompanying  figures.  Its 
crown  is  composed  of  the  same  main  elements  as  in  the  corre- 
sponding tooth  of  Hyopotamus,  but  all  the  five  cusps  are  much 
lees  elevated.  In  addition,  the  basal  ridge  of  the  outer  margin 
is  swollen  into  two  high  pointed  cusps,  making  seven  in  all, 
and  this  has  suggested  the  generic  name. 


Of  the  outer  cusps,  or  buttresses,  the  anterior  one  is  the  larger, 
and  is  situated  well  forward  and  partly  outside  of  the  main 
body  of  the  crown.  The  antero-median  cusp  is  well  developed, 
triangular  in  outline,  and  situated  somewhat  in  advance  of  the 
other  two  anterior  cusps,  as  shown  in  figure  a.  The  two  inte- 
rior cones  are  connected  near  their  inner  margins  by  a  low 
ridge,  and  their  summits  are  joined  by  a  high  outward-curved 
ridge,  which  extends  nearly  to  the  centre  of  the  crown.  The 
crown  itself  is  very  short,  considerably  sliorter  than  in  the 
molars  of  Hyapotam.us. 

The  animal  thus  indicated,  which  may  be  called  Heptacodon 
(iurtus,  was  somewhat  larger  than  a  sheep.  The  known 
remains  are  from  the  upper  Miocene  of  South  Dakota. 

Tale  UaiTersity  UuBeum,  April  14,  1S94. 
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Art.  XLIX. — Notes  from  the  Bermudas;   by  Alexander 

Agassiz.* 

....  Before  completing  my  article  on  the  Bahamas  I  was 
anxious  to  visit  the  Bermudas.  I  have  spent  about  a  month  in 
their  examination  and  find  that  the  story  of  their  present  con- 
dition is  practically  that  of  the  Bahamas,  with  the  exception 
that  at  the  Bermudas  we  have  an  epitome  as  it  were  of  the 
physical  changes  undergone  by  the  Bahamas.  One  cannot  fail 
to  be  struck  with  the  insignificance  of  the  corals  as  compared 
with  those  of  Florida,  of  the  Bahamas  and  of  the  Windward 
islands.  It  is  true  that  on  the  ledge  patches  inside  of  the  so- 
called  "ledge-flats"  the  Gorgonians  and  Millepores  are  very 
flourishing,  but  the  development  of  the  true  reef  builders,  of 
the  massive  corals,  is  insignificant ;  while  the  absence  of  Madre- 
pores is  remarkable  and  changes  the  whole  aspect  of  the 
coral  growth. 

I  shall  have  little  to  add  to  the  description  of  the  Bermudas 
as  given  by  Nelson,  Rein,  Thomson,  Rice  and  Heilprin,  but  I 
am  inclined  to  take  a  different  view  of  the  part  which  the 
corals  now  growing  have  played  in  the  formation  of  the  reef 
ledge  flats.  The  corals  have  not  added  any  material  part  to  the 
reefs,  they  form  only  a  thin  veneer  over  the  disintegrated  ledges 
of  fleolian  rocks  which  constitute  the  so-called  reef  off  the 
south  shore  of  Bermuda  and  the  ledge  flats  of  the  outer  reef 
ring  near  the  edge  of  the  Bermuda  Bank,  ^olian  rock  ledges 
unoerlie  the  growth  of  corals  not  only  on  the  patches  off  the 
south  shore  and  on  the  ledge  flats  of  the  outer  reef  but  they 

*  From  a  letter  to  Professor  James  D.  Dana,  dated  Bermuda,  March  12tb,  1894. 
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also  underlie  the  so-called  patches  and  heads  forming  the  flats 
which  extend  on  both  sides  of  the  main  channel  and  divide  the 
interior  waters  of  the  Bank  into  irregular  sounds  like  Murray 
anchorage.  The  passage  of  the  shore  aeolian  rock  ledges  into  the 
coral  patches  can  easily  be  traced  both  off  the  north  and  south 
shores. 

I  fully  agree  with  those  who  before  me  have  examined  the 
Bermudas  and  who  consider  that  subsidence  has  brought  about 
the  existing  outlines  of  the  islands.  But  that  is  a  very  diflEer- 
ent  thing  from  assigning  to  the  corals  now  growing  the  forma- 
tion of  the  islands  owing  to  this  subsidence.  That  the  proto- 
bermudian  land  was  of  elliptical  shape  and  owed  its  existence  to 
the  action  of  winds  sweeping  over  an  extensive  coral  beach 
from  which  was  gathered  the  materials  which  now  form  the 
solidified  aeolian  hills  of  Bermudas  no  one  can  question.  But 
there  is  no  evidence  to  show  that  the  original  annular  coral  reef 
was  formed  during  subsidence.  That  reef  has  disappeared  and 
nothing  is  left  of  it  except  the  remnants  of  the  ssolian  ledges 
extending  to  16  or  17  fathoms  outside  of  the  reef  ledge  flats, 
ledges  which  owed  their  existence  to  the  material  derived  from 
it:  the  former  aeolian  hills  of  the  protobermudian  land. 
Remnants  of  such  ledges  and  former  aeolian  hills  are  the  rocks 
forming  the  outer  ledge  flats,  the  breakers  all  along  the  south 
shore,  the  Mills  breaker,  the  North  "Rocks,  the  Chub-heads, 
the  South-west  breaker  and  others. 

The  Bermudas  and  Bahamas  offer  an  example  of  the 
thickness  of  a  recent  limestone  deposit  during  a  period  of 
rest.  Assuming  a  probable  subsidence  of  70  feet  and  a 
greatest  elevation  of  260  feet  we  get  a  coral  limestone  of  330 
feet  in  thickness,  the  material  of  which  has  all  come  from  a  reef 
which  itself  was  probably  not  thicker  than  120  feet  or  a  total 
thickness  of  450  feet.  In  the  case  of  the  Bahamas  the  maxi- 
mum height  of  the  aeolian  hills  is  stated  to  be  about  400  feet 
and  the  greatest  subsidence  was  probably  as  much  as  200  feet 
which  with  the  thickness  of  the  reef  would  give  a  thickness  of 
720  feet  of  coral  limestone.  This  thickness  or  a  great  part  of 
it  moreover  is  not  limited  to  a  circumscribed  area  but  extends, 
as  is  the  case  of  the  Bahamas,  over  a  wide  region.  When  we 
remember  how  readily  these  coral  limestones  are  changed  into 
hard  ringing  rocks  we  introduce  a  new  element  into  the  dis- 
cussion of  the  mode  of  formation  of  huge  masses  of  limestone 
especially  in  the  region  of  the  trade  winds. 

Solution  has  undoubtedly  played  some  part  in  producing  the 
fantastic  outlines  of  the  limestone  ledges  as  well  as  of  the  shore 
rocks  below  low-water  mark  but  the  solvent  action  of  the  salt 
water  cannot  be  compared   in   eflSciency  to  the   destructive 
mechanical  action  of  the  sea.     This  has  to  a  great  extent  been 
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arrested  by  tlie  covering  coat  of  Gorgonians,  Millepores,  Algae, 
and  Corallines  as  well  as  of  the  more  massive  corals  found  thriv- 
ing upon  the  heads,  patches,  ledges  and  ledge  flats  of  the  inner 
and  outer  waters  of  the  Bermudas.  But  these  heads,  ledges,  etc. 
do  not  as  has  been  stated  by  former  observers,  owe  their  exist- 
ence and  their  gradual  increase  to  the  corals,  as  they  only  form 
a  protecting  veneer  over  their  surface,  viz  :  a  coral  growth  and 
not  a  coral  reef. 

•  The  so-called  Serpulae  reefs  described  before  by  previous 
observers,  are  perhaps  the  most  interesting  structures  of  the 
Bermuda  reefs.  They  are  most  numerous  off  the  south 
shore,  constituting  miniature  atolls,  barrier  and  fringing 
reefs  apparently  formed  by  the  upward  growth  of  Serpulse. 
While  Serpulfle  undoubtedly  cover  a  great  part  of  the  sur- 
face of  the  structures,  yet  Algae,  Corallines,  barnacles,  mussels 
and  other  invertebrates  are  found  to  be  fully  as  abundant  as 
the  Serpulae  which  in  many  cases  play  a  secondary  part. 
In  fact  it  would  be  as  correct  in  some  localities  to  call 
them  Algae  or  Coralline  atolls.  Neither  the  Serpulae  nor  the 
Algae  or  other  organisms  have  built  up  to  any  considerable 
extent  the  vertical  walls  of  the  different  kinds  of  diminutive 
reefs  so  characteristic  of  the  south  shore.  The  Serpulae, 
Algae,  Corallines  and  other  growths  have  only  protected  the  sur- 
face of  the  aeolian  rock  ledges  which  form  these  structures  from 
the  action  of  the  breakers.  They  have  not  built  up  the 
raised  rims  of  the  atolls,  of  the  crescent  or  of  the  horseshoe- 
shaped  reefs,  or  the  vertical  walls  forming  the  irregular  con- 
volutions and  curves  of  the  broader  ledges. 

All  these  structures  from  a  circular  or  elliptical  atoll  to  a 
barrier  or  fringing  reef  with  all  their  possible  modifications, 
ai*e  due  to  the  action  of  the  surf  and  the  wash  of  the  sea  In 
eating  away  the  surface  of  the  mushroom-shaped  rocks  which 
is  either  softer  than  the  surrounding  parts  or  is  not  protected 
by  the  covering  coat  of  Algae,  Corallines  or  Serpulae.  One  can 
off  the  south  shore  trace  the  whole  process  from  the  time  when 
the  large  fragments  of  shore  aeolian  rocks  fall  by  undermining 
into  the  sea,  until  they  are  changed  by  the  action  of  the  surf 
into  mushroom-shaped  ledges  surmounted  by  pinnacles,  next 
into  the  stage  when  the  pinnacle  has  in  its  turn  been  under- 
mined and  dropped  alongside  of  the  ledge  to  become  the  holding 
ground  of  coral  and  other  growth.  The  surface  of  the  flat 
ledge  which  formed  the  base  of  the  pinnacle  is  now  freely 
acted  upon  by  the  breakers.  According  to  the  nature  of  the 
upper  crust  and  to  the  extent  of  protection  given  to  it  by  the 
covering  coat  of  animal  and  vegetable  life  the  sea  acts  upon 
it  and  we  have  hollowed  out  atolls  of  diminutive  size,  crescent 
or  horseshoe-shaped  structures  as  well  as  the  curved,  straight 
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or  convoluted  or  looped  vertical  walls  of  broader  ledges  which 
stand  up  from  the  bottom  and  seem  to  have  been  built  up  by 
the  organisms  covering  their  surface.  Taking  this  for  granted 
as  had  been  done  by  previous  observers,  I  was  greatly  surprised 
on  hammering  at  some  of  these  structures,  to  find  the  vertical 
walls  composed  of  seolian  rocks  and  to  discover  that  in  many 
cases  the  elevated  rim  was  protected  by  the  hard  ringing  crust 
so  characteristic  of  limestones  exposed  to  the  action  of  the  sea, 
and  further  to  find  that  the  coating  of  SerpulsB,  of  Algae,  of 
Corallines  and  Nullipores  was  quite  superficial.  It  soon  became 
evident  that  these  diminutive  atolls  were  large  pot  holes  exca- 
vated by  the  surf  and  sand  and  thaD  the  varied  forms  of  cres- 
cent-shaped reef  of  barrier  reefs  and  all  the  possible  modifica- 
tions one  finds  on  the  south  shore  of  the  Bermuda  are  all  due 
to  the  mechanical  action  of  the  surf. 

The  following  diagrams  will  explain  their  mode  of  formation 
better  than  any  lengthy  description  I  can  give. 

AB  (fig.  1)  is  a  piece  of  shore  cliflf  which  has  become  isolated, 
the  aeolian  lamination  is  clearly  seen  above  high  water  mark. 

Below  high  water  mark  it  is 
honeycombed  and  eaten  away, 
leaving  the  seolian  pinnacle 
supported  only  by  a  slender 
stem  rising  from  an  extensive 
base  more  or  less  covered  with 
Algae,  Serpulae  and  other 
growth.  The  surface  of  the 
ledge  as  well  as  the  base  of  the 
mass  extending  below  low 
water  mark  is  more  or  less 
eaten  away  and  when  the  seol- 
ian pinnacle  (A)  has  fallen  off 
a  mushroom-shaped  mass  is 
left,  the  upper  surface  of  which  may  be  above  or  below  low 
water  mark.  All  trace  of  seolian  stratification  has  been  oblit- 
erated by  the  cementing  and 
solving  action  of  the  sea  water. 
If  the  base,  the  mushroom-shaped 
ledge,  is  stratified  horizontally 
(fig.  2)  the  result  of  the  wash  of 
the  breakers  upon  any  part  of 
the  top  left  unprotected  will  be 
to  dig  out  circular  or  elliptical 
atolls  (fig.  3)  like  A  or  B.  In 
one  case  A  the  atoll  will  have  a 
rim  of  nearly  the  same  width, 
while  in  the  other  case  B,  if  the 


Fig  1. 


H.W.m 


LAV  m 


Figs.  2-3. 


A.  Agaasiz — Notes  from  the  Bermudas, 


415 


HWm 


softer  parts  of  the  top  are  on  the  lee  side,  the  atoll  will  have 
a  wider  rim  on  the  weather  side  from  B  to  A.  The  pot  holes 
of  these  circular  atolls  are  usually  from  three  to  four  feet  in 
the  depth.  But  in  some  cases  I  have  measured  them  between 
five  and  six  feet  and  even  more.  In  others  they  are  only  a  few 
inches  deep.  I  have  not  observed  any  growth  of  Serpulae  of 
greater  thickness  than  from  12  to  18  inches. 

Should  the  seolian  strata  dip  towards  the  lee  side  (fig.  4)  a 
horseshoe-shaped  atoll  is 
formed  as  indicated  by  the 
dotted  line  AB.  The  rim  is 
widest  at  A,  fig.  5,  gradually 
becoming  narrower  towards 
the  lee  side  as  it  nears  B,  the 
whole  or  the  greater  part  of  the 
ledge  having  been  carried  away 
by  the  pounding  of  the  surf, 
leaving  a  high  narrow  wall 
with  a  deep  opening  at  B  be- 
tween its  extremities.  Should 
the  surf  break  through  the 
sides  at  E  or  F  or  both,  we 
should  have  curved  vertical 
walls  left,  apparently  built  up 
by  Serpulae,  in  reality  walls  of  SBolian  rocks  which  may  be  dug 
out  as  I  have  suggested,  either  in  the  case  of  tig.  2  or  of  fig.  4. 

In  the  case  of  a  long  and  wide  ledge  we  have  formed  upon  it 
a  number  of  secondary  pits  and  atolls  or  pot  holes  as  indicated 
by  the  heavy  lines  of  fig.  6.     Let  the  walls  of  these  break 


Figs.  4-5. 


'ofiOSto 


Fig.  6. 

through  and  form  connecting  pot  holes  of  irregular  outlines  and 
we  obtain  a  vertical  wall  such  as  is  indicated  by  the  dotted  line 
of  fig.  6.  Such  a  figure  is  a  diagram  of  one  of  the  ledges  of  the 
outer  reef  oflf  the  south  shore. 

A  flat  ledge  projecting  from  the  base  of  a  shore  cliff  is  eaten 
into  in  the  same  way  by  the  surf  (fig.  7)  and  we  have  formed  a 
circular  reef  with  vertical  walls,  of  which  the  top  is  protected 
by  Algae  and  Corallines  or  Serpulae  with  a  pot  hole  at  its  deep- 
est part  of  8  feet.  We  might  call  this  a  diminutive  barrier 
reef. 
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Before  seeing  these  Serpiila3  atolls  and  reefs  I  had  come  to  the 
conclusion  that  the  Hogsty  Eeef  atoll  (Bahamas)  may  liave  been 
formed  in  the  same  way,  by  the  mechanical  action  of  the  surf  over 

a  reef  which  was  in  great 
part  a  veneer  on  the  feol- 
ian  ledges  of  its  bank,  the 
scour  of  the^mass  of  water 
poured  into  the  lagoon 
gradually  hollowing  it 
out.  The  Hogsty  reef  is 
about  4i  miles  long  and 
^\  miles  wide,  the  depth 
of  the  lagoon  varies  from 
2  to  3  fathoms  oflE  the 
platform  at  the  weather 
extremity  to  7  fathoms  at  the  entrance  to  the  lagoon.  That 
water  falling  can  dig  out  to  such  a  depth  is  of  course  well 
known.  On  a  small  scale  this  can  be  observed  at  the  foot  of 
every  sluice  of  a  draining  or  irrigating  ditch.  How  deep  can 
it  act  on  a  large  scale  so  as  to  produce  an  effective  result? 


Fig.  7. 


Art.   L. — Discovery  of  Devonian  RocJcs  in    California^* 
bv  J.  S.  DiLLER  and  Charles  ScHUcnERT. 


Part  I. 

Dr.  J.  B.  TRASKf  was  the  lii-st  to  definitely  determine  by 
paleontological  evidence  the  geological  age  of  any  portion  of 
the  auriferous  slates  of  California.  lie  recognized  the  Car- 
boniferous on  the  ilcCluud  River.  The  Geological  Survey  of 
California  under  Frof.  AVhitneyJ  found  the  Carboniferous  in 
other  localities  and  discovered  the  Jurassic  and  Triassic  rocks 
of  Mariposa  and  Plumas  Counties.  Dr.  C.  A.  White  sug- 
gested that  a  part  of  the  Auriferous  slates  are  older  than  the 
Carboniferous.^ 

The  present  wi'iter,  from  a  study  of  the  structure  of  the 
northern  end  of  the  Sierra  Xevada  concluded  as  follows :  "  The 
stratigra])hic  relations  are  such  as  to  render  it  very  probable 
that  there  is  a  great  thickness  of  paleozoic  strata  exposed  in 
the  region  and  that  a  large  part  of  the  gold-bearing  slates  are 

*  Published  with  the  permission  of  the  Director  of  the  U.  S.  Geological  SlI^ 
vej'.     Read  before  the  Geological  ^Society  of  Washington.  D.  C,  AprU  25,  1894. 

f  Report  on  the  Geology  of  the  Coast  Mountains,  State  Senate  of  Galifomia, 
Document  No.  14.  Session  of  18.55,  p.  oO. 

X  The  Auriferous  Gravels  of  the  Sierra  Nevada  of  California,  p.  34,  eta 

S^  U.  S.  Geological  Survey  Bulletin,  No.  16,  p.  25.    See,  also,  D.  8.  G.  S.  BpIL 
19,  p.  21,  by  G.  F.  Becker. 
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older  than  the  Carboniferous  limestone'^'  and   "  possibly  pre- 

Carboniferous."t 

Since  then  Sihirian  rocks  have  been  discovered  in  that 
region.^  Important  contributions  concerning;  tlie  iih^ntitication 
and  distribution  of  the  Carboniferous,  Triassic  and  Jurassic 
rocks  of  northern  California  have  recently  been  made  bv 
Becker,§  Turner,§  Lin(l<i;ren,S  Hyattj  Fairbanks,*  Mills,*^^'  and 

Smith.ft 

A  great  advance  in  the  study  of  the  Auriferous  slates  of  the 

Pacific  coast  is  made  by  ilr.  Schuchert  in  discovering  De- 
vonian fossils  among  the  collections  of  the  V,  S.  Geological 
Survey  from  northern  California.  In  IS84  the  writer  found  a 
number  of  coraliferous  limestones  three  miles  southwest  of 
^Gazelle  in  Siskiyou  County  and  on  the  eastern  branches  of 
/  Soda  Creek  about  five  miles  N.E.  of  Lower  Soda  Springs 
(Castle  Crag)  in  Shasta  Co.  Mr.  11.  \V.  Fairbatiks+i  in  1SJ)1  dis- 
covered a  limestone  rich  in  corals  about  three  miles  N.W.  of 
Kennet  on  the  divide  between  Backbone  and  Little  Backbone 
Creeks  in  Shasta  Co.  Before  Mr.  Fair])anks'  results  were  |)ub- 
lished  he  kindly  called  the  writer's  attention  to  this  h)cality. 
In  October,  1893,  accomi)anied  by  Mr.  T.  W.  Stanton  the 
writer  made  collections  there  and  since  then  other  exposures 
of  the  same  coraliferous  limestone  have  been  found  and  col- 
•  lections  made  on  Hazel  Creek  a  few  miles  east  of  Southern's. 

All  fossils  collected  in  1884  and  1S!);1  at  the  localities  men- 
tioned,  were  referred  to  ^[r.  Schuchert  who  lias  dmnitely 
determined  them  to  be  Devonian  as  stated  in  his  ndrtion  of 
this  communication.  ; 

The  outcrop  of  Devonian  rocks  three  miles  soiithwest  of 
Gazelle  is  one  of  the  best  and  most  accessible  foit  study  yet 
known  in  California.  They  are  brought  to  the  surface  by  an 
eroded  arch  which  exposes  the  following  series  in  descending 
order:  quartz  and  other  schists  ;  7(>  feet  of  fossiliferous  gray 
limestone  ^ucceeded  by  a  few  feet  of  compact  limestone  and  a 
thick  ma88  of  basic  eruptives. 

West  of  the  axis  of  the  fold  this  series  of  Devonian  rock 
dips  westward  and  appears  to  pass  beneath  the  Scott  Mountains. 
This  view  is  strengthened  by  the  fact  that  near  Parker's  on 

|*U.  a  Geological  Survey  niiUctin,  No.  '^X  p.  18. 

t  U.  S.  Geological  Survey,  8th  Annual  Report,  p.  107. 

^Bull.  Greol.  Soc.  of  Am.,  vol.  iii,  p.  37(>. 

gU.  S.  Geol.  Survey,  Sacramento  and  Placcrville  Atlas  sheets,  also  American 
Geologist.  May,  1893,  pp.  307-324  and  4->r>  and  /\pril,  18S)4,  pp.  248-21!). 

I  Bull.  GeoL  Soc.  of  Am.,  vol.  iii,  pp.  :i95-ir2  and  vol.  v,  pp.  395-434 

If  American  Geolo<<ist,  March,  1802,  p.  15"^,  Kobruary,  1893,  p.  (59;  this 
Journal,  vol.  xlv,  p.  473,  .fune,  1893;  Klcventh  Ueport  of  the  State  Mineralogist 
of  Gal.,  1893,  pp.  24-120. 

••Bull.  Geol.  Soc.  of  Am.,  vol.  iii,  pp.  413-444. 

tt  Bull.  Geol.  Soc.  of  Am.,  vol.  v,  pp.  243. 

If  Eleventh  Report  of  State  Mineralogist  of  Cal.  (1893),  p.  48. 
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the  road  to  Callahan's,  about  thirteen  miles  southwest  of  Ga- 
zelle, and  also  near  Oro  Fino  in  Scott  Valley,  fossiliferous  lime- 
stone occurs  with  Pentacrlmis  and  appears  to  be  Triassic. 

The  Devonian  limestone  four  to  six  miles  northeast  of  Castle 
Crag,  is  a  veritable  coral  reef  about  60  feet  in  thickness.  It 
overlies  a  great  mass  of  dark  shales  which  are  apparently  older 
than  any  of  the  rocks  exposed  near  Gazelle.  This  view  is  sus- 
tained by  Mr.  Schuchert  who  gives  paleontological  evidence  to 
show  that  the  fossiliferous  rocks  of  Kennet,  Hazel  and  Soda 
Creeks  belong  to  a  lower  horizon  in  the  Devonian  than  those 
of  Gazelle.  The  slates,  overlying  the  limestones  are  much  less 
crystalline  than  near  Gazelle  and  no  eruptives  were  noticed  in 
the  immediate  vicinity.  These  rocks,  as  well  as  those  near 
Gazelle,  were  formerly  supposed  to  be  Carboniferous.* 

There  are  two  outcrops  of  Devonian  limestone  on  Hazel 
Creek  about  four  and  five  miles  respectively  east  of  Southern's. 
They  have  a  number  of  fossils  in  common  and  probably  ex- 
posed the  same  limestone.  It  overlies  a  large  mass  of  black 
slate  and  dips  easterly  beneath  the  Carboniferous,  which  con- 
tains fossils  on  Tom  Dow's  Creek.  The  strike  of  the  Carbon- 
iferous at  that  point  is  east  of  nortli,  dipping  towards  the 
southeast  and  probably  connects  with  the  well  known  locality 
of  Grizzly  Peak  about  fourteen  miles  further  to  the  northeast. 

According  to  Mr.  Storrs,  who  collected  the  fossils  on  Hazel 
Creek,  the  dip  of  the  limestone  is  easterly  and  overlies  a  great 
mass  of  black  slate.  Its  strike  is  a  little  east  of  north,  con- 
necting it  directly  with  that  of  the  same  horizon  on  Soda 
Creek  as  well  as  that  near  Kennet  further  southward. 

Three  miles  west  of  Kennet,  a  mile  beyond  Mr.  Matson's 
lime  kiln  at  a  locality  discovered  by  Mr.  Fairbanks,t  the  lime- 
stone in  places  is  composed  almost  wholly  of  branching  corals 
and  is  in  reality  a  coral  reef  about  50  feet  in  thickness.  It  is 
much  warped  but  generally  dips  to  the  eastward  beneath  the 
Carboniferous  which  occurs  along  the  McCloud  River. 

The  region  directly  westward  of  the  great  bend  of  Pitt 
liiver  has  yielded  many  fossils  belonging  to  the  Jurassic,  Tri- 
assic, Carboniferous  and  Devonian  systems.  All  of  which  are 
arranged  in  successive  belts  increasing  in  age  westward  in  thej 
Klamath  Mountains,  indicating  the  presence  of  rocks  of  si" 
greater  age  about  the  central  portion  of  that  mass.  The  gel 
eral  strike  of  the  Devonian  rocks  from  near  Kennet  is  abont 
nortli  18°  east,  which  is  in  line  with  the  outcrop  of  Hazel 
Creek  and  Soda  Creek,  over  thirty  miles  away.  If  they  are 
really  continuous  for  this  distance  as  appears  probable  it  sug- 
gests as  previously  urged  by  the  writer  that  the  axis  of  folding 
joius  the  Klamath  Mountains  to  the  Coast  Bange  rather  than 
to  the  Sierra  Nevada.  J.  S.  D. 

*U.  8.  Geological  Survey,  Bull.  33,  p.  11. 

f  Eleventh  report  of  the  State  Mineralogist  of  Calif.,  p.  48. 
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Part  II. 

During  the  field  seasons  of  1884  and  181)3,  the  U.  S.  Geo- 
logical Survey  acquired  six  lots  of  Devonian  fossils,  collected 
by  Messrs.  Diller,  Stanton,  and  Storrs,  from  six  localities  in 
Shasta  and  Siskiyou  counties,  California. 

These  fossils,  comprising  about  thirty  species,  most  of  which 
are  corals,  demonstrate  tlie  undoubted  presence  of  middle 
Devonian  deposits  in  California  where  rocks  of  this  age  have 
long  been  looked  for  by  geologists,  more  particularly  since  the 
recent  discovery  of  Silurian  fossils.*  In  the  geological  litera- 
ture treating  of  Califoniia,  the  writer  finds  that  Mr.  Fairbanks 
was  probably  the  first  to  refer  certain  strata  provisionally  to 
the  Devonian.  He  says  :  "  In  my  former  paper  I  traced  the 
Paleozoic  rocks  of  Shasta  county,  part  Carboniferous  and 
part  probably  Devonian,  south  along  the  main  Coast  range  to 
San  Francisco  Bay."t     This  is  the  only  specific  reference  to 

S rotable  Devonian  rocks  in  California.  The  locality  on  which 
[r.  Fairbanks  based  his  conclusions  is  near  Kennet  on  the 
Sacramento  River,  and  is  described  by  him  as  follows  :  "  The 
fossils  in  the  limestone  [of  Backbone  Creek]  are  exclusively 
corals,  and  in  places  the  branching  stems  \_Cladoj}ora']  form 
almost  the  complete  mass  and  weather  out  finely  on  the  sur- 
face. In  fact  the  great  mass  of  the  limestone  seems  to  be 
made  of  corals.":]: 

The  most  southerly  of  these  localities  (Xo.  1  of  the  annexed 
table)  is  three  miles  northwest  of  Kennet.  The  next  two(!Nos. 
4  and  5)  are  about  twenty-two  miles  north  on  Hazel  Creek, 
and  two  others  (Xos.  2  and  3),  ten  miles  above  the  latter  on 
one  of  the  branches  of  Soda  Creek,  about  five  miles  northwest 
of  Castle  Crag.  This  fauna  indicates  a  single  terrane,  since 
the  localities  each  have  from  one  to  four  species  in  common,  as 
the  annexed  list  of  fossils  shows. 

Aboat  thirty  miles  to  the  northwest  of  the  Hazel  Creek 
localities,  at  a  place  three  miles  southwest  of  Gazelle,  Siskiyou 

^ county  (locality  6),  there  is  another  outcrop  of  Devonian  lime- 
stone yielding  a  larger  fauna  of  corals  and  some  MoUusca. 
Fossils  were  collected  from  this  limestone,  both  in  18S4  and  in 
§898.  This  horizon  appeal's  to  be  higher  or  younger  faunally 
wan  that  just  mentioned,  since  but  one  of  its  speciies  is  known 
to  occur  in  the  Devonian  limestone  of  Shasta  county.  All  of 
the  fossils  studied  are  from  limestone,  and  nothing  as  yet  is 
known  of  a  sandstone  or  shale  fauna. 

*Geol.  of  the  Taylorville  region  of  Cal.,  by  J.  S.  Diller.     Hull.  Oeol.  Soc. 
America,  vol.  iii,  p.  H76,  1892. 

f  American  Geologist,  vol.  xi,  p.  70,  189B. 

t  Eleventh  Rep.  State  Mineralogist  of  Oal.,  p.  48,  1893. 
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Notes  on  the  fossils, 

Fawsites  canadensis^  Cladopora  lahiosa^  C,  acupicta^  and 
Kyrinxjopora  maclurii^  arc  characteristic  forms  of  the  great 
coral  reef  of  the  Corniferoiis  limestone,  as  developed  in  eastern 
North  America.  The  material  from  the  Shasta  county  locali- 
ties agrees  closely  with  the  descriptions  of  these  species,  and 
the  identifications,  therefore,  are  regarded  as  fairly  accurate. 
Associated  with  these  fossils  are  a  number  of  other  corals, 
which  could  not  be  identified  specifically,  however,  since  some 
are  new  and  of  others  the  material  is  not  well  preserved. 
These  corals  are  given  in  the  first  five  columns  of  the  annexed 
list. 

The  Alveolites  provisionally  referred  to  A.  minimus  Davis, 
is  represented  in  Nevada  by  A.  miiltilamella  Meek.*  The 
corallites  in  the  California  specimens  are  quite  tortuous,  and 
have  thinner  walls,  thus  differing  distinctly  from  Meek's 
species.  Externally  the  present  specimens  agree  with  the 
figures  of  A.  minirnus,  but,  no  positive  identification  can  be 
made  as  Davisf  gives  no  description  of  any  of  his  species  and 
usually  no  figures  of  their  internal  structure. 

AcervulaHa  pentagona  Goldfuss,  sp.,  as  identified  by  Meek,:|: 
occurs  at  "'  Treasure  Hill,  Nevada,  in  silver-bearing  ^Devonian 
Beds."  The  California  specimens  are  found  in  masses  six 
inches  in  diameter,  and  appear  to  have  a  somewhat  larger  num- 
ber of  septa  than  the  Nevada  form.  These  differences,  how- 
ever, are  not  sufficient  for  specific  separation.  All  the  other 
known  species  of  American  Acervidaria  have  larger  corallites 
than  A,  pentagona. 

The  California  examples  of  DipKyphyUum,  fasciotdum 
Meek,§  agree  fairly  with  the  Nevada  specimens  from  "  Argyle 
and  Treasure  Hills,  Wh^e  Pine  Mining  District."  A  closely 
related  form,  with  faWer  and  not  so  closely  approxiuiating 
corallites,  also  occurs  at  localities  2  and  3.  Meek  has  anited 
these  in  his  J ) ,  fascicxdum. 

The  Kndophyllani  occurring  near  Gazelle  is  interesting 
since  it  is  the  first  known  occurrence  of  this  genus  in  America. 
It  differs  chiefly  from  E.  howerhaiiki  and  E.  ahditum,  Edwards 
and  Haime,|  of  the  Devonian  of  Devonshire,  in  having  mu< 
smaller  corallites. 

A  form  of  Gypidula  from  the  same  locality  may  prove  to 
be  tlie  same  as  Penta7Rerus  eomis  or  P.  lotis  Walcott,i  occur- 

*  Op.  cit.,  p.  25,  PI.  ir,  figs.  7-7b. 

f  Keotucky  Fossil  Corals;  Kentucky  Greol.  Survey  Reports,  1886. 

X  Oeol.  Expl.  40ih  Paral.,  vol.  iv,  1877,  p.  31.  PI.  II,  figs.  5,  6a. 

6  Op.  cit.,  p.  29,  PI.  II,  figs.  4-4b. 

I  Mono.  British  Fossil  Corals.  Pt.  IV,  p.  233, 1853. 

IT  Mono,  viii,  U.  S.  Geol.  Survey,  pp.  169-161,  1884. 
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ring  respectively  in  tlie  Eureka  and  White  Pine  Mining  Dis- 
tricts of  Nevada.  The  California  specimens  consist  of  sepa- 
rated and  distorted  valves. 


Correlation  with  other  recfions. 

The  corals  of  the  Devonian  limestone  of  Shasta  county  are 
believed  to  itidicate  the  lower  ])ortion  of  the  middle  Devonian 
or  approximately  the  Corniferous  terrane  as  developed  in  Kew 
York,  Kentucky,  Michigan,  and  Ontario.  It  shouhl  he  home 
in  mind,  however,  that  since  many  species  of  corals  have  a 
great  geographical  and  considerable  vertical  distribution,  great 
reliance  cannot  always  be  placed  on  tliem  for  limited  correla- 
tion. Mr.  Walcott*  has  identified  twenty-five  species  of  this 
class  in  the  Devonian  of  Nevada.  Some  of  them  hold  a  dif- 
ferent stratigraphic  position  from  the  same  species  in  eastern 
America.  He  writes :  "  Among  the  corals,  Cladopora pulchra^ 
Syringopora  hisingei'i^  and  Cyathophgllnni  cornlculum^  of 
the  great  Corniferous  coral  reef  of  the  east,  occur  at  the  upper 
horizon,  and  ISyringopora  perelegani<^  of  the  same  formation 
in  New  York,  ranges  throughout  the  group  in  Nevada.'^f 

Tlie  fossils  from  near  Gazelle,  in  Siskiyou  county,  here  con- 
sidered as  of  later  or  younger  age  than  those  of  the  Shasta 
county  limestone  agree,  in  a  few  cases  specifically  with  the 
Devonian  fauna  of  the  White  Pine  Mining  District  in  Nevada. 
Two  species,  Acervularia  pentagona  and  Dljdt  i/ph glhnn  fas- 
cicidum^  certainly  occur  in  both  regions,  while  J^mitainerus 
comis  or  I-^,  lot  in  also  seems  to  be  present.  A  single  small 
Mellerophon  was  found  with  these  species,  and  nuvy  prove  to 
be  a  young  specimen  of  B.  perple;va  Walcott,  as  found  in  the 
Eureka  District  of  Nevada.  The  Devonian  strata  of  the 
White  Pine  Mining  District  are  silver-bearing,  while  the 
middle  Devonian  horizons  of  Shasta  and  Siskiyou  counties  are 
a  part  of  the  Auriferous  series  of  California. 

Lisi  of  species  knawn  to  occur  in  the  Devoninn  of  Calijornia. 

(        Shasta  County.  ) 

^1  2  :}  4  r>  6 

tavosiUa  delandi  Davis  ? x 

"        canadensis  BiUingd x  ..         ..  x 

•*        species  No.  1 _ x 

"  *'        No.  2 _.         _.  X 

"  *•        No.3 X 

'*  "        No.4 _ X 

CyaOiophyllwin  rohustum  YifiW,  1876? x 

*'  branching  form  No.  1 ?  x 

•'  •'  "     No.  2 X  ....  ?  X 

♦Mono,  viii,  U.  S.  Geol.  Survey,  pp.  100-lOG,  1884. 
f  Op.  cit,  p.  4. 
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List  of  species  known  to  occur  in  the  Devonian  of  California. 

(        Shasta  County.  ) 

12  3  4  5  6 

Diphyphyllum,  sp.  undet.,  or  Syringopora.     __  x 

**  fasciculum  Meek ?  ?  ..         ..         x 

Acervularia  pentagona  (Goldf  uss)  Meek  ._..         ._         ._         _.         __         x 

"  sp.  undet. .-         x 

Endophyllum,  u.  sp.  ._-. ._         ..         ._         __         ._         x 

Clidopora  acupicta  Davis x 

*       toftibsa  Billings x  ..         _.  x 

Alveolites  c/r.  minimus  Davis ? x  _.  x  __  x 

Syringopora  Maclurii  Billings x 

Mo7iticutipora,  species  No.  1   x  _.         ._         x 

"  '•       No.  2 X 

Leptotrypa ._  x 

Gypidula  cfr.   comis  Owen,  and  G.  lotis 

Walcott X 

Conchidiumt    A  small  strongly  plicated 

form ..         .-         __         --         X 

Terebratuloid  cfr.  Newherria ..         ..         ..         ..         x 

Loxonema  eiv.  dtlphicola'RdW ..         ..         x 

*'        OT  Murchisonia x 

Murchisonia » ..         ._         ..         _.         x 

Bellerophon^  much  like  the  Russian  B.  sep- 

teni/rionalis  Tschernyschew,  but  may 

be  a  young  specimen  of  B.  perplexa 

Walcott : x 

Mytilarca  sp.  undet __         x 

Orthoceras _     ,_         ._         __         _.         ..         x 

Large  crinoid  columns x         x         x 

9  4  4  6  3         11 

U.  S.  Geol.  Survey,  Washington,  D.  C,  March  14,  1894. 
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Art.  LI. — On  the  Blue  Iodide  of  Starch;    by 
Charlotte  F.  Roberts. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  College — XXX.] 

The  interesting  article  by  Mylius*  on  the  composition  of 
blue  iodide  of  starch,  and  the  reply  to  the  same  by  Stocks,! 
have  suggested  to  me  a  few  simple  experiments,  the  record  of 
which  will  perhaps  be  interesting  to  others  who,  like  myself, 
may  have  been  puzzled  to  decide  between  the  adverse  views, 
especially  since  the  papers  above  referred  to  are  somewhat 
lacking,  in  certain  portions,  in  experimental  evidence  of  the 
facts  stated. 

Mylius  derives  as  the  formula  for  the  blue  iodide  of  starch 
(CgH,^OJ)nHI,  in  which  n  probably  equals  4,  and  states  that  it 

♦Ber.  d.  d.  chem.  Gesell.,  xx,  688.  f  Chem.  News,  Ivi,  212. 
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18  formed  by  the  union  of  the  colorless,  or  yellow,  compound 
C,H„OJ  with  hydriodic  acid  or  one  of  its  salts.  He  aflSrms 
that  a  pure  solution  of  iodine  and  starch  ^ives  no  blue 
color,  but  that  the  liquid  must  contain  an  iodide,  a  trace  of 
which  is  sufficient  to  bring  about  the  desired  result. 

My  own  study  of  the  blue  iodide  of  starch  may  be  con- 
sidered under  two  heads : 

1st.  Its  Decompositions. 

2d.  The  Conditions  of  its  Formation. 

1.  Decomposition  of  Starch  Blue, 

{a)  By  heat.  The  effect  of  heat  on  the  blue  iodide  of 
starch  is  well  known.  If  moderately  heated,  the  blue  color 
returns  on  cooling,  but  if  strongly  heated  in  an  open  vessel,  it 
remains  permanently  colorless.  The  explanations '  of  this 
change,  however,  have  been  varied,  some  authorities  stating 
that  all  of  the  iodine  is  driven  off  by  the  stronger  heat,  others 
that  it  is  converted  into  iodic  acid,  and  still  others  that  the 

{)roduct  of  the  reaction  is  hydriodic  acid.  Stocks  affirms  the 
ast,  and  a  very  simple  experiment  seems  to  support  this  view. 
If  to  the  cooled,  colorless  liquid,  a  few  drops  of  iodic  acid  be 
added,  the  clear  blue  color  is  immediately  restored.  This  ex- 
periment was  performed  in  a  platinum  vessel,  and  the  same 
results  were  obtained  whether  iodic  acid  were  used  alone  or 
mixed  with  dilute  sulphuric  acid,  though  the  latter  acid  by 
itself  has  no  effect  in  restoring  the  color.  That  unaltered 
43tarch  remains  in  this  solution  after  heating,  is  proved  by  the 
fact  that  a  drop  of  iodine  colors  the  cold  solution  blue. 

"While  the  fact  that  hydriodic  acid  is  split  off  from  the 
iodide  of  starch  under  the  influence  of  heat  cannot  be  used  as 
an  argument  either  for  or  against  Mylius's  views,  these  phe- 
nomena are  perhaps  what  might  be  expected  if  his  views  be 
correct.  The  first  effect  of  heat  seems  to  be  to  produce  a  kind 
of  dissociation,  the  hydriodic  acid  splitting  off  from  the  rest 
of  the  molecule  and  going  back  into  it  when  cooled,  but  upon 
longer  heating  the  iodine  which  is  directly  united  with  the 
starch  molecule  is  either  driven  from  the  liquid  or  converted 
into  hydriodic  acid.  Upon  the  addition  of  iodic  acid,  some 
iodine  is  set  free  which,  along  with  the  hydriodic  acid,  unites 
with  the  starch  to  form  the  blue  color.  These  phenomena  are 
thus  shown  to  be  in  harmony  with  Mylius's  theory,  although 
no  proof  of  its  correctness. 

ip)  By  iodic  acid.  If  some  blue  iodide  of  starch  be  pre- 
cipitated and  well  washed  with  dilute  sulphuric  acid,  and  then 
iodic  acid  added,  the  solid  dissolves  to  an  apparently  colorless 
liquid.  .That  this  solution,  however,  contains  free  iodine,  may 
be  proved  by  adding  chloroform,  which  becomes  tinged  a  de- 
cided pink.     This  would  indicate  that  the  iodic  acid  acted  by 
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withdrawing  hydriodic  acid  from  the  molecule,  thus  setting 
free  iodine. 

{e)  By  a  solution  of  a  silver  salt.  One  of  the  strongest 
proofs  which  Mylius  gives  for  the  correctness  of  his  views  is 
that  the  blue  color  is  destroyed  by  a  silver  salt,  that  the  addi- 
tion of  pure  iodine  now  does  not  restore  the  color,  only  turn- 
ing it  yellow,  but  that  the  addition  of  hydriodic  acid  or  potas- 
sium iodide  gives  the  blue  at  once. 

I  have  found,  in  fact,  that  a  single  drop  of  a  very  dilute 
solution  of  silver  nitrate  is  sufficient  to  destroy  the  deep  blue 
color  in  a  test-tube  full  of  liquid.  A  natural  explanation,  in 
the  light  of  the  preceding  experiments,  is  that  the  silver  nitrate 
withdraws  hydriodic  acid ;  and  the  ease  and  completeness  of 
the  change  supports  the  view  that  this  exists  as  such  in  the 
molecule,  since  in  many  organic  compounds,  the  halogen  is 
extracted  only  with  diflBculty  if  at  all  by  silver  nitrate.  This 
view  is  still  further  supported  by  the  fact  that  the  blue  color 
is  immediately  restored  by  the  addition  of  a  little  hydriodic 
acid.  The  color  is  also  restored,  though  not  to  its  former 
depth,  by  the  addition  of  a  few  drops  of  strong  hydrochloric 
acid,  or  by  a  larger  quantity  of  the  dilute  acid,  though  it  is 
not  affected  by  sulphuric  acid.  This  can  readily  be  explained 
on  the  supposition  that  the  silver  iodide  is  partially  decom- 
posed by  tne  hydrochloric  acid,  giving  suflScient  hydriodic  acid 
to  form  some  of  the  blue  iodide.  That  this  is  the  correct  ex- 
planation rather  than  that  hydrochloric  acid  can  be  substituted 
for  hydriodic  in  the  starch  compound  without  changing  its 
color  is  proved  by  filtering  after  adding  silver  nitrate,  and 
adding  hydrochloric  acid  to  the  filtrate,  when  no  blue  color  is 
produced. 

If  we  concede  that  in  all  three  of  these  cases,  the  decompo- 
sition has  been  effected  by  a  withdrawal  of  hydriodic  acid,  it 
certainly  shows  a  tendency  for  that  portion  of  the  molecule  to 
split  off,  which  is  suggestive  of  its  existing  already  formed  as 
such  in  the  molecule,  and  in  so  far  is  in  harmony  with  Mylius's 
views,  though  the  mere  fact  that  hydriodic  acid  is  withdrawn 
is  no  proof  that  it  goes  into  the  molecule  as  such.  The  only 
portion  of  the  above  which  can  be  considered  at  all  as  direct 
proof  of  Mylius's  statement  is  that  after  the  blue  color  has 
been  destroyed  by  silver  nitrate,  it  can  be  reformed  by  the 
addition  of  hydriodic  acid.  This  would  seem  certainly  a  strong 
argument  in  support  of  Mylius. 

We  pass  next  to  the  consideration  of 

2.  The  Conditions  of  Formation  of  Blue  Iodide  of  Starch, 

Mylius  makes  three  statements  in  regard  to  this  which  may 
be  quoted  here. 
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(1)  An  aqueous  solution  of  iodine  cannot  color  starch  blue, 
but  the  color  appears  immediately  if  a  trace  of  hydriodic  acid 
or  potassium  iodide  be  added. 

(2)  Iodine  solutions  which  color  starch  blue  contain  hydri- 
odic acid  or  one  of  its  salts. 

(3)  The  presence  of  substances  which  destroy  hydriodic  acid, 
as,  for  example,  chlorine  and  iodic  acid,  prevents  the  formation 
of  starch  blue. 

These  different  statements  will  be  considered  in  the  order  in 
which  they  are  here  quoted,  but  (1)  and  (2)  are  so  nearly  iden- 
tical that  they  cannot  be  kept  separate. 

I  have  never  succeeded  in  obtaining  aqueous  solutions  of 
iodine  and  starch  which,  upon  being  mixed,  did  not  produce  a 
blue  color,  although  great  care  was  taken  to  avoid  the  possi- 
bility of  any  alkali  from  glass  getting  into  the  solutions. 
According  to  Mylius,  this  is  the  great  cause  of  the  presence  of 
iodide  in  an  iodine  solution.  In  my  experiments,  the  iodine 
was  powdered,  left  standing  for  some  time  in  a  mixture  of 
iodic  and  sulphuric  acids,  then  washed  thoroughly  with  water, 
and  finally  dissolved  in  water,  all  of  these  processes  being  car- 
ried on  in  a  platinum  dish.  An  emulsion  of  arrow-root,  also 
well  washed,  was  made  in  a  platinum  dish,  and  the  two  solu- 
tions were  mixed  in  a  platinum  crucible.  Notwithstanding  all 
of  these  precautions,  the  blue  color  appeared  immediately. 
This  would  seem  to  indicate  that  Mylius's  views  were  errone- 
ous, but  on  the  other  hand,  I  was  able  to  prove  the  presence 
of  hydriodic  acid  in  my  aqueous  solution,  even  thus  carefully 
prepared.  I  did  this  by  shaking  the  solution  with  chloroform 
and  separating  the  two  liquids  with  a  separating  funnel, 
and  repeated  this  until  the  chloroform  added  remained  per- 
fectly colorless.  Then,  upon  the  addition  of  a  few  drops  of 
iodic  acid,  and  shaking,  the  chloroform  became  faintly  but 
undoubtedly  tinged  with  pink.  It  is  proved,  then,  that  this 
liquid  which  colored  starch  contained  hydriodic  acid,  but  it 
still  remains  an  open  question  whether  this  iodide  was  an  im- 
purity in  the  iodine,  not  removed  by  its  repeated  washings, 
which  seems  hardly  probable,  or  whether  it  is  fornoed  when- 
ever iodine  dissolves  in  water,  and  is  therefore,  in  traces,  a 
necessary  accompaniment  of  every  iodine  solution. 

That  glass  has  a  more  powerful  action  on  an  iodine  solution 
than  has  generally  been  supposed  cannot  however  be  doubted. 
My  own  attention  has  been  drawn  to  this  fact  by  the  difference 
in  behavior  of  the  liquid  which  results  when  starch  blue  is 
heated  in  a  glass  tube  and  that  which  is  formed  when  the  same 
compound  is  heated  in  a  platinum  vessel.  In  the  first  case  the 
cold,  colorless  solution  is  turned  blue  by  the  addition  of  any 
acid,  whereas  in  the   latter   case,   iodic  acid  is  the  only  one 
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which  has  this  power.  In  case  sulphuric  acid  is  added  to  the 
liquid  before  heating  in  the  test-tube,  the  color  is  not  restored 
by  any  acid,  even  iodic. 

Although  I  have  found  it  impossible  to  mix  carefully  pre- 
pared solutions  of  iodine  and  starch  without  getting  a  blue 
color,  if  only  a  drop  or  two  of  iodine  be  added  to  an  excess  of 
starch,  the  blue  formed  where  the  liquids  first  touch,  disap- 
pears in  the  mass  of  the  liquid,  and  then  the  addition  of  hydri- 
odic  acid  brings  out  the  blue  color  distinctly.  This  is  in 
harmony  with  Mylius's  statements,  and  also  with  the  fact  that 
in  working  with  dilute  solutions  in  a  large  bulk  of  alkaline 
liquid,  the  delicacy  of  the  starch  test  for  iodine  is  increased  by 
the  addition  of  two  or  three  grams  of  potassium  iodide. 

In  a  further  effort  to  prepare  iodine  free  from  iodides,  I 
have  taken  an  iodine  solution,  shaken  it  with  chloroform, 
rinsed  with  water,  and  finally  drawn  off  the  chloroform  solu- 
tion. Then,  upon  adding  pure  water  and  shaking  some  of  the 
mixture  with  starch,  the  starch  remains  uncolored.  If,  how- 
ever, this  mixture  of  iodine  in  chloroform  and  pure  water  be 
heated  and  then  cooled,  or  if  it  be  exposed  to  the  sunlight  in  a 
platinum  dish  for  about  an  hour,  tne  mixture  acquires  the 
power  of  coloring  starch  immediately,  and  the  colorless  aqueous 
portion  of  yielding  iodine  to  chloroform  when  treated  with 
iodic  acid.  The  appearance  of  free  iodine,  indicated  by  the 
chloroform,  showed  that  hydriodic  acid  had  been  formed  by 
the  iodine  and  water  on  heating  or  in  sunlight. 

It  has  just  been  shown  that  \i  a  solution  of  iodine  in  chloro- 
form be  washed  with  water,  separated  from  the  aqueous  por- 
tion, and  starch  added,  there  is  no  immediate  change  of  color ; 
but  the  blue  color  may  be  brought  out  in  three  different  ways : 

(1)  By  addition  of  a  drop  of  dilute  hydriodic  acid. 

(2)  By  heating  and  then  cooling  the  liquid. 

(3)  By  long  standing. 

The  evidence  of  (1)  is  a  direct  support  of  Mylius's  views,  and 
(2)  and  (3)  may  be  considered  as  indirectly  indicative  of  the 
same,  since  they  give  conditions  under  which  hydriodic  acid 
might  presumably  be  developed.  Further  evidence  in  the  same 
direction  may  be  found  in  the  following  experiment.  An 
emulsion  of  starch  in  chloroform  was  made,  and  to  this  a  solu- 
tion of  iodine  in  chloroform  added.  The  color  remained  un- 
altered, but  the  addition  of  a  little  potassium  iodide,  either  in 
the  solid  form  or  in  aqueous  solution,  immediately  produced 
the  blue  color.  The  addition  of  pure  water  failed  to  give  the 
blue  color  until  after  standing  for  several  hours. 

There  seems,  then,  to  be  suflBcient  evidence  that  all  solu- 
tions which  form  starch  blue  contain  an  iodide,  and  also,  con- 
sidering the  experiments  with  chloroform,  that  solutions  freed 
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from  hydriodic  acid  cannot  produce  that  color,  although  in  my 
experiments  I  have  not  been  able  to  make  an  aqueous  solution 
of  iodine  which  did  not  turn  starch  blue,  and  which  did  not 
contain  hydriodic  acid. 

We  pass  now  to  the  third  argument  of  Mylius  quoted  above, 
viz:  tne  deterrent  action  of  chlorine  and  iodic  acid  on  the 
formation  of  starch  blue. 

In  regard  to  the  action  of  chlorine.  Stocks  quotes  the  sug- 
gestion of  Miller  that  it  may  be  due  to  the  formation  of  iodine 
chloride,  which  is  well  known  to  have  a  destructive  effect  on 
the  blue  iodide  of  starch.  But  even  granting  this  as  an 
explanation,  two  questions  remain  to  be  answered  ;  first,  how 
is  the  iodine  chloride  formed,  and  second,  what  is  its  action  on 
starch  blue?  It  can  hardly  be  supposed  that  the  chlorine 
withdraws  the  iodine  bodily  from  the  organic  molecule.  A 
much  more  natural  assumption  would  be*  that  the  chlorine  de- 
composes hydriodic  acid,  setting  free  iodine;  and  here  we 
have  sufficient  cause  for  the  destruction  of  the  blue  color.  But 
granting  that  the  reaction  may  go  farther,  and  the  iodine  thus 
set  free  unite  with  an  excess  of  chlorine  to  form  iodine  chlo- 
ride, is  not  this  also  a  body  which  might  be  expected  to  act 
by  destroying  hydriodic  acid?  I  have  found,  in  fact,  that 
when  iodine  chloride  is  added  to  starch  blue,  iodine  is  set  free, 
the  result  which  might  be  expected  if  the  iodine  chloride  acts 
upon  the  hydriodic  acid  in  the  compound  according  to  the 
reaction : 

HI+IC1  =  HC1  +  I, 
This  experiment  was  performed  as  follows :  Iodine  chloride 
was  prepared  by  putting  together  potassium  iodide  and  hydro- 
chloric acid  in  an  excess  of  iodic  acid.  It  was  then  separated 
from  the  other  bodies  by  extraction  with  ether,  and  to  the 
ethereal  solution,  starch  blue  was  added.  The  color  was  taken 
from  the  starch,  and  the  ether  became  darker  and  brown.  To 
prove  that  this  change  in  the  ether  was  really  due  to  free 
iodine,  it  was  left  standing  over  pure  water  for  some  time, 
with  occasional  shaking.  Finally,  some  of  this  aqueous  por- 
tion was  shaken  with  chloroform,  to  which  it  gave  the  charac- 
teristic pinkish  tinge.  As  iodine  chloride  gives  no  color  to 
chloroform,  this  shows  conclusively  that  iodine  had  been  set  free. 

There  remains  to  be  considered  only  the  action  of  iodic  acid 
on  the  iodide  of  starch.  Its  action  on  the  precipitated  blue 
after  formation  has  already  been  referred  to,  so  that  at  this 
point,  we  need  only  consider  its  action  in  preventing  the 
formation  of  starch  blue. 

It  is  an  undeniable  fact  that  when  dilute  solutions  of  iodine 
are  used,  iodic  acid  in  sufficiently  large  quantities  prevents  the 
formation  of  starch  blue  both  when  used  alone,  and  when  used 

Am.  Joub.  Scl— Thibd  Series,  Vol.  XLVII,  No.  282.— June,  1894. 
29 


428  C.  F.  RolerU—Bhie  Iodide  of  Starch. 

with  other  acids,  but  a  much  smaller  amount  of  iodic  acid  is 
necessary  if  mixed  with  another  acid,  as  for  example,  sulphuric 
acid.  This  may  be  explained  either  on  the  assumption  of  a 
more  rapid  action  when  sulphuric  acid  is  used,  as  Landolt^  has 
found  to  be  the  case  in  the  reaction  between  iodic  acid  and 
sulphurous  oxide,  or  in  the  case  of  ordinary  iodine  solutions 
prepared  and  kept  in  glass  vessels,  it  may  be  supposed  due  to 
the  fact  that  the  liquid  contains  iodides  and  iodates  derived 
from  the  glass.  I  have  tried  bringing  together  extremely 
dilute  solutions  of  iodic  acid  and  of  potassium  iodide,  and 
found  that  no  perceptible  amount  of  iodine  is  set  free,  though 
in  more  concentrated  solutions,  the  iodine  is  set  free  in  nearly 
the  quantitative  yield  represented  by  the  equation  : 

5KI  +  6  HIO3  =  5KI0,  +  3H,0  +  31, 

In  this  reaction,  howe^ver,  the  amount  of  iodine  found  is  always 
a  trifle  too  low,  probably  due  to  the  fact  above  shown,  viz: 
that  in  very  dilute  solutions,  the  iodide  and  iodic  acid  do  not 
react  on  each  other,  except  in  presence  of  another  acid.  The 
dilute  sulphuric  acid  alone  when  added  to  starch  blue  does  not 
bleach  the  color,  but  diminishes  the  intensity  to  an  appreciable 
degree. 

The  amount  of  iodic  acid  necessary  to  prevent  the  forma- 
tion of  the  blue  color  depends  not  only  on  the  amount  of  other 
acid  present  but  also  on  the  order  in  which  the  reagents  are 
put  together.  Thus  I  have  found  in  several  cases  that,  with  a 
definite  amount  of  iodic  acid  and  iodine,  there  was  no  color 
produced  if  the  iodine,  iodic  acid,  and  sulphuric  acid  were 
mixed  first,  and  left  standing  for  some  minutes  or  half  an  hour 
before  adding  the  starch ;  whereas,  if  the  starch  were  put  in 
first  and  the  other  three  constituents  added  directly,  a  blue 
color  would  result  which  could  only  be  destroyed  on  long 
standing  and  shaking,  if  at  all. 

In  genera],  the  amount  of  iodic  acid  necessary  to  prevent 
the  formation  of  the  starch  blue  seems  in  very  great  excess  of 
that  which  would  be  necessary  to  destroy  all  of  the  hydriodic 
acid  which  can  possibly  be  present.  It  is  only  by  following 
the  precautions  suggested  above  that  the  iodic  acid  needed  can 
be  made  to  bear  any  reasonable  relation  to  this  hydriodic  acid. 
I  have  dissolved  iodine  in  a  mixture  of  iodic  and  sulphuric 
acids,  and  added  starch  and  obtained  immediately  a  blue  color, 
though  naturally  not  as  deep  and  intense  as  would  be  obtained 
without  the  iodic  acid.  This  solution  was  as  strong  as  possible 
of  iodine,  being  made  up  with  powdered  iodine  in  a  platinum 
dish,  and  containing  always  some  of  the  undissolved  solid. 
The  liquid  poured  off  from   this,  whether  filtered  or  not,  and 

*  Ber.  d.  d.  cliem.  Gesell.,  xx,  745. 
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even  when  it  had  considerable  iodic  acid  added  to  it,  refused 
under  any  circumstances  to  give  a  colorless  liquid  with  starch  ; 
and  the  same  was  found  true  even  when  it  was  left  standing 
with  additional  iodic  acid  for  half  an  hour  before  the  starch 
was  added. 

These  facts  and  the  fact  that  the  purest  possible,  freshly 
prepared  aqueous  solution  of  iodine  may  be  shown  to  contain 
hydriodic  acid,  have  suggested  to  me  the  possibility  that  hydri- 
odic  acid  may  be  constantly  forming  in  traces  when  iodine  dis- 
solves in  water,  and  that,  therefore,  no  aqueous  solution  can  be 
free  from  it  whether  kept  in  glass  or  not,  though  there  is  no 
doubt  that  the  glass  may  greatly  increase  the  amount.  So 
many  facts  seem  to  point  to  the  truth  that  hydriodic  acid  or 
one  of  its  salts  is  taken  up  as  such  into  the  molecule  of  the 
blue  iodide  of  starch  that  the  fact  of  the  large  amount  of 
iodic  acid  necessary  to  prevent  its  formation  can  hardly  be 
considered  a  sufficient  argument  against  that  belief,  though  we 
naturally  question  what  may  be  the  reason  for  this  necessary 
excess.  There  seem  to  me  to  be  two  possible  explanations, 
either  the  iodic  acid  destroys  hydriodic  acid  much  less  readily 
in  dilute  solutions  than  has  been  generally  supposed,  or  some 
hydriodic  acid  is  constantly  being  formed  in  an  iodine  solution, 
and  perhaps  the  correct  explanation  lies  in  the  union  of  these 
two. 

Landolt*  has  made  some  investigation  of  the  reaction  be- 
tween iodic  acid  and  hydriodic  acid  in  dilute  solutions,  and  has 
found  that  in  an  extremely  dilute  solution,  nineteen  seconds 
may  elapse  before  the  formation  of  iodine  makes  itself  mani- 
fest by  the  blue  color  given  to  starch.  I  have  used  even 
diluter  solutions  than  he,  and  found  that  with  -000009  grams 
iodic  acid  and  -000033  grams  potassium  iodide  in  20  "cubic 
centimeters  of  water,  no  color  appeared  with  starch  until  seve- 
ral minutes  had  elapsed  if  only  a  small  quantity  of  sulphuric 
acid  was  present,  whereas  if  one-fourth  of  the  liquid  consisted 
of  dilute  sulphuric  acid,  a  blue  tinge  appeared  immediately. 
The  completeness  of  the  reaction  in  a  given  time,  then,  is 
seen  to  depend  on  the  amount  of  sulphuric  acid  present,  and 
there  is  nothing  to  show  whether  it  is  finally  complete  or  whether 
there  may  be  left  traces  of  undecomposed  hydriodic  acid. 

If  we  assume  that  hydriodic  acid  is  constantly  being  formed 
in  traces  in  an  iodine  solution,  and  remember  that  the  reaction 
between  hydriodic  acid  and  iodic  acid  is  not  an  immediate  one 
in  the  presence  of  a  large  quantity  of  water,  we  can  under- 
stand why  a  considerable  excess  of  iodic  acid  must  be  used  in 
order  to  destroy  completely  the  last  traces  of  hydriodic  acid 
and  thus  entirely  prevent  the  formation  of  starch  blue. 

*Ber.  d.  d.  chen).  Gesell.,  xix,  1317. 
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Art.  LII,  —  Beaver   Creek   Meteorite ;  by 
Edwin  E.  Howell. 

In  the  number  of  "  Science "  dated  Jnl,v  21et,  1893,  I 
gave  a  brief  history  of  this  meteorite  as  then  known,  and  pro- 
posed the  above  name  from  the  stream  near  which  it  fell. 

The  accompanying  cut  gives  a 
fair  idea  of  the  etone  as  first  seen 
by  me.  It  measured  6x7x9i 
inches  and  weighed  23^  ponnde. 
About  3  or  4  pounds  had  been 
broken  from  the  bottom  as  shown 
in  the  cut.  The  original  weight 
must  have  been  approximately  26 
pounds  and  the  length  12  inches. 
1  After  repeated  efforts  and  much 
correspondence  I  have  been  unable 
to  secure  any  more  of  the  fall. 
The  leports  at  first  stated  that  two 
smallei  pieces  of  a  few  pounds  each  were  seen  to  fall.  This 
however  seems  to  ha\  e  been  a  mistake,  as  only  one  other  piece 
of  4  or  5  pounds  so  far  as  I  can  learn  was  seen.  A  portion  at 
least  of  this  smillei  piece  was  broken  into  fragments  and  dis- 
tributed the  same  as  the  most  of  that  which  was  broken  from 
the  larger  mass  before  it  came  into  my  possession,  July  6th, 
1893,  bj  purchase  from  Mr  Jimes  Hislop,  a  Civil  Engineer, 
who  found  and  dug  it  up  the  morning  after  it  fell  and  brought 
it  to  Washmgton  It  buried  ittelf  in  the  earth  about  3  feet — 
3  feet  in  soil  and  1  foot  in  hard  pan. 

The  direction  of  the  hole  was  south  60°  east,  true  meridian, 
and  at  an  angle  of  58°  with  the  horizon.  Fresh  earth  was 
scattered  about  the  hole  in  all  directions,  hnt  farthest  (10  feet) 
in  the  direction  from  which  the  stone  came. 

It  fell  between  the  hours  of  3  and  4  p.  m.  May  26th,  1893, 
near  Beaver  Creek,  West  Kootenai  District,  British  Colnmbia, 
a  few  miles  north  of  the  U.  S.  Boundary  and  about  ten  miles 
above  where  the  creek  joins  the  Columbia  River. 

The  report  was  heard  by  persons  within  a  radiua  of  nearly 
twenty-five  miles,  and  it  was  believed  by  many  who  heard  it 
that  larger  pieces  must  have  fallen  than  those  secured.  The 
stone  is  a  typical  aerolite  of  very  pronounced  chondritic  struc- 
ture, has  the  usual  fused  black  crust,  but  has  one  feature 
unlike  any  other  meteorite  with  which  I  am  familiar.  Beneath 
the  crust  there  is  a  slight  oxidation  for  a  distance  of  from  one- 
half  to  three-quarters  of  an  inch   which  seemingly  mast  have 
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occurred  before  it  struck  the  earth,  and  for  which  thus  far  no 
satisfactory  explanation  is  suggested. 

There  is  no  occasion  to  further  describe  the  character  of 
this  stone  as  that  part  will  be  found  fully  discussed  in  the 
accompanying  papers  by  Drs.  Hillebrand  of  the  U.  S.  Geo- 
logical Survey  and  Merrill  of  the  TJ.  S.  National  Museum. 

Chemical  Discussion/  by  Dr.  W.  F.  Hillebrand. 

The  material  received  for  chemical  examination  was  in  a 
crushed  state,  much  of  it  in  fine  powder,  being  the  waste  re- 
sulting from  cutting  the  rocky  mass.  There  was  scattered 
throughout  it  some  organic  matter  derived  from  a  burnishing 
brush,  which,  though  insignificant  as  regards  weight,  rendered 
useless  any  attempt  to  look  for  organic  matter  proper  to  the 
meteorite  itself. 

Of  this  mass,  26'1892  grams,  after  repeated  separation  under 
alcohol  by  an  electro-magnet,  yielded  5*0710  grams  of  mag- 
netic material  which  still  contained  over  10  per  cent  of  unmag- 
netic  substance,  as  shown  by  the  following  analysis  : 


Analysis  of  magnetic  material. 

Fe 80-21 

Ni 7-78 

Co -44 

Cu -026 

Silicates* 5*17 

SiO,t 1-31 

MgO 1-31 

FeOt 1-20 

Fe.O, -83 

FeS§ -77 

PAt -057 

Al,0„  CaO,  Alk.  and  loss,  by  diif.  -897 


y  88-456 


100-000 


The  metallic  part  therefore  comprises  17*13  per  cent  of  the 
meteorite  and  is  composed  as  follows  : 

♦Insoluble  in  dilute  HCl. 

f  Total  silica  from  de^'omposed  silicates. 

i  Calculated  from  the  composition  of  soluble  silicates,  as  given  in  a  subsequent 
analysis. 

§  Found  by  treatment  of  the  majfnetic  part  with  dilute  FCNOs.  followed  by 
separation  by  an  electro-magnet  from  unatcacked  silicates.  Hydrochloric  acid 
was  then  used  to  free  it  from  a  small  residue  of  insoluble  silicates,  and  from  this 
solution  the  iron  was  precipitated  by  ammonia  and  weighed,  whence  the  weight 
of  Fe804  was  calculated. 

I  By  estimation  of  sulphur  (-28  per  cent). 

T  A  portion  of  the  phosphorus  may  very  possibly  be  derived  from  schreibersite. 


432  E.  E.  Howell — Beaver  Creek  Meteorite. 

Fe 90-68 

Ni 8-80 

Co -49 

Cu    03 


100-00 


By  the  procedure  outlined  in  one  of  the  footnotes  to  the 
foregoing  analysis  the  isolation  of  magnetite  from  all  but  a 
very  small  proportion  of  siliceous  matter  is  easy.  It  then 
appears  under  the  microscope  as  irregular  grains  of  a  dull 
black  lusterless  surface.  Only  one  grain  presented  aii  appar- 
ently octahedral  aspect. 

The  main  portion  of  the  meteoric  material,  now  freed  from 
all  magnetic  matter,  was  thoroughly  mixed  and  pulverized. 
Its  composition  follows : 

Analysis  of  unmagnetic  material. 

Fe::::'::::; :::;:;:":  IS  [ ^'^^  *"^"^^^- 
cr,o; : : : : : :::::: : : : : :   -1 1  [  '^^  chromite. 

8iO, 46-87 

TiO,l -09 

A1,0, 2-30 

FeO 12-44 

NiO -07 

MnO -2(5  (too  low). 

CaO 1-96 

MgO   28-24 

K,0 -15 

Na^O -98 

Li.^0 none 

11,0  above  100°  C -34 

PA - -30 

Cl .  - ;. trace 


99-83 


The  assumption  of  FeO  as  the  sole  divalent  element  in  the 
chromite  is  entirely  arbitrary.  Qualitative  tests  on  a  minute 
quantity  separated  from  the  silicates  showed  that  the  mineral 
carried  magnesia  and  alumina  also.  Tlie  extremely  weak  mag- 
netism of  the  troilite  appears  clearly  from  the  fact  that  the. 
electro-magnet  produced  only  a  barely  perceptible  concentra- 
tion of  it  in  the  magnetic  mixture,  as  shown  by  comparing  the 
percentages  of  troilite  and  of  silicates  therein  with  those  just 
above. 

A  portion  of  the  unmagnetic  powder  was  then  divided  into 
a  soluble  and  an  insoluble  part  by  digesting  for  a  few  hours 
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with  dilute  hydrochloric  acid  on  the  water  hath,  filtering,  sepa- 
rating gelatinized  silica  by  dilute  solution  of  potassium  hy- 
droxide, and  repeating  the  treatment  of  the  residue  with  acid 
and  alkali.  In  this  way  there  was  decomposed  51*11  per  cent 
of  the  whole.  The  composition  of  both  soluble  and  insoluble 
parts  as  actually  found  by  analysis  is  as  follows,  the  S  and  Yfi^ 
being  taken  from  the  previous  analysis,  as  also  the  water  of 
the  soluble  part  after  allowing  for  the  trifle  belonging  to  the 
insoluble  portion. 

Soluble  portion,  51*11  per  cent.  Insoluble  portion,  48*89  per  cent. 

S 2-21  ]    ai^o  *     'V. 

Fe 3-87  f  ^*^®  troihte. 

FeO -01  »      ^,     ,         .,       -23)    HO    u 

Q^  Q  .Q2  >     '04  chromite     .^  v  '73  chromite. 

Sio/ 17-03  27-74 

TiO,  .: -09 

A1,0, -25  2-34 

FeO 8-69  3-85 

NiO -04  trace 

MnO -12  -17 

CaO -46  1-65 

MgO 17-24  11-14 

K,0 -01  -12 

Na,0 __        -06  -90 

H/)  above  100°  C.        -31  -03 

PA -30 

CI trace 

Loss -48  -13 


51-11  48-89 

Excluding  troilite  and  chromite,  but  including  phosphate, 
the  percentage  composition  of  the  soluble  and  insoluble  mix- 
tures is  as  follows  : 

Soluble  portion.  Insoluble  portion. 

SiO, 38-26  5775 

TiO, -18 

AI^O, -56  4-89 

FeO 19-52  8-02 

NiO -09  trace 

MnO    -27  -35 

CaO   1-03  3-44 

MgO 38-73  23-19 

K,0    -02  -25 

Na^O    -13  1-87 

H,0  above  100°  C -70  -06 

PA - -68 

Ci trace  


99-99 


100-00 
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Whether  the  titanium  belongs  to  the  pyroxene  or  is  to  be 
credited  to  a  special  titaniferous  mineral,  such  as  ilraenite  for 
instance,  the  analysis  does  not  show.  The  siliceous  constitu- 
ents of  the  stony  matter  appear  from  the  analysis  to  be  chiefly 
olivine  and  the  bronzite  variety  of  enstatite.  In  order  to 
throw  further  light,  if  possible,  on  the  character  of  the  min- 
eral or  minerals  in  the  insoluble  part,  a  portion  of  the  latter 
was  subiected  to  prolonged  treatment  with  hydrochloric  acid 
followed  by  dilute  potassium  hydroxide  solution,  after  which 
an  attempt  was  made  to  effect  further  separation  by  the  Sonn- 
stadt  solution  with  very  limited  success.  The  main  portion 
thus  finally  obtained  was  analyzed.  It  gave  the  following 
composition : 

Cr,0. .35  f -96  chromite. 

SiO, 56-48 

TiO> -19 

A1,0, 2-65 

FeO 9-14 

NiO ? 

MnO -46 

CaO 2-97 

MgO 25-86 

K,0 -18 

Na.O 1-20 

H,0 ? 

100-09 

Comparison  of  this  with  the  preceding  analysis  of  the  in- 
soluble part  of  the  meteorite  shows  unquestionably  that  its 
siliceous  component  is  a  mixture  and  that  the  effect  of  the 
second  acid  and  subsequent  mechanical  treatment  was  to  re- 
move partially  a  relatively  soluble  alkali-lime-alumina  silicate. 
That  this  more  soluble  ingredient  is  largely  of  feldspathic 
nature  is,  however,  negatived  by  the  fact  that  the  last  analysis, 
omitting  chromite  and  titanium,  affords  almost  exactly  a  meta- 
silicate  ratio,  and  by  the  failure  of  Dr.  Merrill  to  identify  any 
feldspathic  mineral  constituent  in  more  than  mere  traces. 

From  the  data  at  hand  the  composition  of  the  meteorite  as  a 
whole  resolves  itself  as  follows,  assuming  for  the  mixed  sili- 
cates in  the  magnetic  portion  the  same  composition  as  that 
shown  by  the  non-magnetic  mixture : 


E.  jEI  Howell — Beaver  Creek  Meteorite.  435 

Nickel-iron 17*13 

Magnetite '16 

Troilite 605  .('^^  '"  magnetic,  4-90 

ID  non-magnetic  part) 

Soluble  silicates  and  phosphate..  37*23 

Insoluble  silicates  and  chromite.  40*43 


100*00 


JUieroacopical  Discussion ;  by  Dr.  Geo.  P.  Merrill. 

The  stone  is  of  a  gray  color  and  granular  structure,  quite 
fine  grained  and  friable  but  showing  to  the  unaided  eye  a 
finely  granular  groundmass  studded  with  small  spherules  or 
chondri  in  sizes  rarely  if  ever  exceeding  2"°*  in  greatest  diam- 
eter, and  averaging  not  more  than  half  that  amount.  "With 
the  pocket  lens  it  is  seen  that  the  groundmass  is  also  largely 
chondritic,  but  interspersed  with  granular  material  and  glisten- 
ing metallic  particles.  So  far  as  material  is  at  hand  for  com- 
parison, the  stone  macroscopically  most  resembles  that  of  New 
Concord,  Ohio,  but  is  much  more  granular  and  friable,  as  well 
as  more  pronouncedly  chondritic.  In  the  thin  section  under 
the  microscope  it  presents  no  features  not  common  to  stones 
of  its  class,  and  various  portions  of  the  field  show  structures 
in  every  way  similar  to  those  of  the  meteorites  of  Mezo- 
Madras,  Homestead,  and  Dhurmsala  as  figured  by  Tschermak* 
or  that  of  the  San  Emigdio  stone  as  described  by  myself.f 
There  are  the  usual  monosomatic  and  polysomatic  chondri 
sometimes  of  olivine  alone,  enstatite  alone,  or  olivine  and 
enstatite  together,  in  granular  or  porphyritic  forms  with  glassy 
base,  or  radiating  and  barred  forms.  The  olivines  not  infre- 
quently occur  with  interiors  made  up  of  small  rounded  granules 
imbedded  in  a  glass  base,  but  extinguishing  simultaneous  with 
the  outer  portion.  In  many  respects  the  microstructure 
closely  simulates  that  of  the  San  Emigdio  stone,  but  the  ap- 
parent fragmental  nature  is  less  conspicuously  marked.  in 
two  instances  small  irregular  colorless  granules  were  observed 
giving  faintly  the  twinning  striae  and  inclined  extinctions 
characteristic  of  plagioclase  leidspars.  It  is  not  possible  from 
the  examination  of  the  two  slides  at  command  to  state  more 
definitely  as  to  the  presence  or  absence  of  this  or  of  silicate 
minerals  other  than  those  mentioned. 

♦  Die  Mikroskopische  Beschaffenheit  der  Meteoriten,  etc.     Plates  vii  and  viii. 
f  Proc.  U.  S.  National  Museum. 
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Art.  LIII. — On  Allamie  Crystals  from  FranJdin  Furnace^ 

X. «/.  ;*  by  A.  S.  Eakle. 

Allanite,  as  a  rock  constitaent,  has  been  shown  to  be  verj 
widespread  in  its  occurrence  and  the  crystal lographic  proper- 
ties of  the  mineral  from  many  localities,  have  been  determined. 
The  present  article  is  the  resalt  of  an  examination  of  a  large 
number  of  crystals  coming  from  the  Trotter  Mine,  Franklin 
Furnace,  ]S\  J. 

The  presence  of  allanite  at  Franklin  Furnace  was  first  re- 
ported in  1850,  by  C.  T.  Jackson,f  who  published  a  short 
description  of  its  occurrence  and  an  analysis.  His  crystals 
came  from  a  different  locality,  being  in  the  feldspar  of  the 
old  magnetite  mines,  while  those  described  here  occur  with 
the  zinc  ores,  in  a  great  granite  dyke.:}: 

The  crystals  are  coal-black  in  color,  very  brittle,  and  occur 
in  the  common,  flat,  tubular  forms,  elongated  parallel  to  the 
ortho-axis.  The  faces  of  the  crystals  are,  in  general,  dull,  and 
when  magnified  appear  to  be  much  pitted,  so  that  reflections 
with  the  Fuess  goniometer  are  poor.  Imperfect  cleavage 
occurs  parallel  to  the  basal-  and  ortho-pinacoid  faces  and  more 
perfect  in  the  direction  of  the  prism  face,  but  varying  about 
6°  30'  from  parallelism.  An  average  of  several  readings  gives 
an  angle  of  47°  56'  between  this  cleavage  face  and  the  ortho- 
pinacoid. 

Fourteen  forms,  in  all,  occur  on  the  crystals,  none  of  them, 
however,  being  new.     The  forms  are  the  following : 

n  =  P  (111) 
0=  Poo  (Oil) 
r  =  P^  (101) 
u  =  00  P§  (210) 
w=  -2P2  (211) 
s  =  ^P»  (103) 
'   X  =  — iP3^(102) 

The  forms  a?,  i  and  o  are  less  common,  and  w  and  s  are  rare. 
The  remaining  faces  are  quite  common  to  the  species,  not  alone 
in  this  locality,  but  in  general.  On  the  "  bucklandite  "  (allanite) 
of  the  Laacher  See,§  and  later  on  the  allanite  from  Vesuvius,] 
Dr.  G.  vom  Rath  has  described  a  large  series  of  forms,  most 

*  Published  in  the  Trans.  N.  Y.  Acad.  Sci.,  Nov.  21.  1893. 

f  Allanite  from  Franklin  Furnace,  X.  J,  C.  T.  Jackson.  Proc.  A.  A.  A.  S., 
1850,  p.  323. 

t  Kemp,  J.  F.,  Trans.  N.  Y.  Acad.  Sci.,  Oct.  30,  1893. 

^  G.  vom  Rath,  Ueber  die  Krystallform  des  Bucklandits  vom  Laacher  See, 
Pogg.  Ann.  Phys.  und  Ch..  vol.  cxiii,  p.  281. 

II  G.  vom.  Rath,  ibid ,  vol.  cxxxviii,  p.  492. 
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of  them  being  common  on  the  Franklin  crystals.  Later, 
W.  C.  Brogger*  has  determined  about  the  same  faces  on  the 
allanite  crystals  of  southern  Norway. 

In  the  drawings  accompanying  this  paper  are  shown  the 
various  combinations.  They  are  all  drawn  from  the  indi- 
vidual crystals,  with  the  faces  possessing  the  same  relative 
dimensions. 


iC 


m 


m 


Fig.  1  shows  the  simplest  form,  consisting  merely  of  the 
basal  pinacoid  ((?)OP(00l),  the  ortho-pinacoid  (a)oo  I* 65  (100) 
and  the  prism  (m)  aP(llO).  This  simple  combination  rarely 
occurs. 

Fig.  2  is  a  combination  showing  forms  (^)— Poo  (101),  (^)— 
P(lll),  (n)+P(Ill)  and  {l)2V^{201)  in  addition  to  those  in 
fig.  1.  This  crystal  is  the  largest  terminated  one  in  the  lot 
examined  and  the  angles  were  measured  with  a  contact 
goniometer. 

Fig.  3  shows  a  much  more  general  combination.  The  forms 
occurring  are  (c)OP(OOl),  (a?)-iPdo(102),  (^)-P5o(101),  (a) 
ooPcio(lOO),  (rf)-P(lll),  (7i)  +  P(Ill),  (2^)qoP3(210),  (m)ooP 
(110),  (ZW5c  (201)  and  {r)F^  (lOl).  This  combination  is  sim- 
ilar to  the  one  on  the  large  allanite  crystal  from  Moriah,  N.  Y., 
described  by  E.  S.  Dana,t  lacking  only  the  clino-dome  Poo  (Oil). 


Fig.  4  shows  the  largest  number  of  forms  in  combination. 
All  of  the  forms  shown  in  fig.  3,  with  the  exception  of  — ^P5o 
(102)  occur,  and  in  addition  (*)JP  go  (102),  and  the  rarer  forms 
(«)iP65  (103)  and  (2^?)-2P2(211). 

*W,  C.  Brogger,  Mineralien  der  sudnorweg  augitsyenits,  Zeit.  fiir  Krys.,  xvi, 
96,  1890. 
t  B.  S.  Dana^  AUanite,  Min.  Notes.     This  Journal,  III,  vol.  xxvii,  p.  479. 
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Fig.  5  is  a  combination  having  part  of  the  forms  shown  in 
fig.  4,  with  the  addition  of  the  clino-dome  ((?)P  oo(Oll). 

The  following  is  a  list  of  the  angles  measured  and  calcu- 
lated : 


Faces. 

Angles  meas. 

Angles  calc* 

001  :  100 

65° 

2' 

64°  59' 

001  :  101 

34 

50 

34  53 

001  :  102 

22 

36 

22  36i 

001  :  201 

89 

2 

U9  1 

001  :  101 

63 

26 

63  24 

001  :  l02 

34 

15 

34  15^ 

001  :  103 

21 

22 

22  10 

001  :  Oil 

68 

5 

58  2t 

001  :  HI 

52 

8i 

52  9 

001  :  ill 

74 

50 

74  49 

100  :  101 

29 

56 

30  6 

100  :  210 

35 

42 

35  5f 

100  :  111 

49 

35 

49  40 

100:211 

34 

9 

34  15 

100  :  110 

54 

26 

54  34 

100  ;  201 

25 

59 

26 

210  :  110 

19 

23 

19  28i 

111  :  III 

61 

41 

61  38 

102  :  101 

12 

18 

12  16i 

201  :  101 

25 

27i 

25  37 

lOl  :  I02 

28 

13 

28  8^ 

102  :  103 

12 

27 

11  56i 

211  :  111 

15 

8 

15  25 

Reflections  were  so  poor  in  some  cases  that  only  approxi- 
mate readings  could  be  made  but  a  suflBicient  number  of  these 
readings  were  taken  to  establish  with  certainty  the  identity  of 
all  the  forms. 

The  mineral  is  so  opaque  and  brittle  that  very  thin  sections 
are  difficult  to  obtain.  The  sections  are  brown  in  transmitted 
light  and  show  strong  pleochroism  from  deep  brown  to  yellowish 
brown  :  a  =  yellowish  brown ;  6  =  dark  red  brown  ;  c  =  dark 
grayish  brown.  Absorption  c^b^a^.  The  index  of  refrac- 
tion is  high  while  the  double  refraction  appears  to  be  weak. 
Sections  parallel  to  the  orthopinacoid  show  complete  parallel 
extinction.  In  the  clino-pinacoidal  section,  the  extinction  is 
about  36°  from  c  in  the  acute  angle  ^8.  One  section,  cut  paral- 
lel to  the  basal  pinacoid,  shows  a  patchwork  of  reddish-brown 
and  yellowish-green  colors  resembling  an  intergrowth.  The 
crystals  are  abundantly  seamed  with  cleavage  cracks  and  con- 
tain many  inclusions  of  the  associated  feldspar.  The  optical 
character  of  the  mineral  was  not  determined. 

*E.  S.  Dana,  New  System  of  Mineralogy,  1892,  Allanite,  p.  522. 
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•  ^^ 

On  Tourmaline, 

An  examination  was  also  made  of  some  large  tourmaline 
crystals  which  came  from  Rudeville,  N.  J.  This  place  is  about 
three  and  one-half  miles  northeast  of  Franklin  Furnace,  and 
on  the  same  belt  of  white  limestone  that  contains  the  zinc 
ores.  The  limestone  here  is  pierced  by  a  large  dike  of  so- 
called  mica-diabase,  as  described  by  F.  L.  Nason*  and  which 
has  lately  been  shown  to  contain  more  or  less  altered  leacites.f 
The  tourmalines  occur  near  the  dike  and  their  formation  is 
apparently  due  to  its  action.  Other  green  and  brown  ones  of 
great  perfection  have  been  obtained  in  the  white  limestone 
quarry  near  the  furnace  at  Franklin.  They  are  there  asso- 
ciated with  a  granite  dike. 

Most  of  the  crystals  are  dark  brown  in  color  and  have  well 
defined  faces.  The  largest  one  in  the  lot  has  the  common  tri- 
angular form  of  prism,  bounded  by  three  broad  ooP  faces, 
measuring  four  inches  in  width,  and  narrower  qoP2  faces, 
The  prism  is  capped  by  the  negative  rhombohedron  —  R,  and 
a  large  basal  plane  which  completely  cuts  oflf  the  polar  edges 
of  the  rhombohedron.  This  crystal  is  shown  in  fig.  6 — 
w=  (x>P(10lO);  a=  ooP2(ll50);  r=-R(01Il);  c  =  OP 
(0001). 

All  of  the  forms  identified  on  the  crystals  are  as  follows: 

ooP(loIo)  R(lOll) 

OP(OOOl)  -R(OlIl) 

ooP2(ll20)  -2R(0221) 

ooP|.(4150)  R'^(3251) 

Much  assistance  has  been  rendered  by  Prof.  J.  F.  Kemp,  of 
Columbia  College,  by  suggestions  and  by  the  loan  of  the  crys- 
tals of  allanite  and  tourmaline  which  he  collected.  The  writer 
takes  this  opportunity  to  express  his  acknowledgments. 

Geological  Laboratory,  Cornell  University. 


ApT.  LIV. — A  Self-Acting  Mercurial  Air  ptcmp  /    by 
Edward  W.  Morley,  Cleveland,  Ohio. 

Raps  has  devised  an  excellent  self-acting  Toepler  air  pump. 
But  a  different  method  of  driving  such  a  pump  is  sometimes 
<5onvenient.  For  instance,  the  water  pressure  in  my  labora- 
tory is  not  enough  to  actuate  a  mercurial  air  pump,  while  in 
the  lowest  story  of  the  building  it  will  fairly  suffice.  It  is 
therefore  desirable  to  drive  the  pump,  placed  on  an  upper 

*  Ann.  Rep.  State  Geologist  of  N.  J..  1890,  pp.  35-36. 
f  J.  F.  Kemp.     This  Journal  for  April,  1 894. 
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floor,  by  means  of  an  air  compressor  in  the  baEeinent.  In 
eucli  a  case  the  appai'atus  of  Bape  cannot  be  uaed.  But  with 
my  apparatus,  the  air  compressor  and  air  pump  may  be  sepa- 
rated to  any  reasonable  distance.  Further,  one  air  compressor 
may  drive  now  one  air  pump  and  now  another,  or  may  drive 


several  at  once,  witli  no  change  of  adjustment  other  than  turn- 
ing a  stopcock  and  an  electrical  switch.  Also,  my  apparatus 
requires  no  rubber  tube  in  contact  with  the  mercury  of  the 
pump. 

Two  air  compressors  and  three  pumps  driven  by  them  are 
in  constant  and  satisfactory  use  in  my  laboratory.  It  is  not 
claimed  that  the  apparatus  is  superior  to  the  admirable  device 
of  liaps,  but  only  that  its  peculiarities  may  in  some  cases  be 
advantageous. 
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Fig.  1  shows  a  perspective  view  of  the  air  compressor,  a  is 
a  copper  cylinder :  it  contains  a  caoutchouc  gas  bag  which  is 
fastened  to  a  brass  tube  ending  in  three  stopcocks  seen  just 
beneath  the  cylinder.  To  two  of  these  are  secured  tubes 
which  lead  to  two  Toepler  pumps :  d  is  one  of  these  tubes. 

The  pulley  e  is  attached  to  the  key  of  a  common  three-way 
stopcock.  In  the  position  shown,  water  is  admitted  to  the 
cylinder;  if  the  pulley  and  stopcock  were  turned  one-quarter 
revolution  towards  the  right,  the  escape  would  be  opened. 

The  force  for  turning  the  pulley  is  supplied  by  the  weight 
of  mercury  in  one  or  the  other  of  the  small  glass  globes  h  and 
c.  These  are  suspended  from  the  pulley  by  a  wire  cord  :  they 
are  connected  beneath  by  the  flexible  tube^.  The  top  of  c  is 
connected  by  a  flexible  tube  i  to  a  glass  tube  closed  at  ^,  and 
open  above.  The  top  of  h  is  connected  by  a  flexible  tube  (j  to 
the  tube  h  and  thus  to  the  air  in  the  gas  bag  in  a. 

The  three  way  stopcock  is  shown  at  the  instant  of  opening 
the  admission  of  water  to  a.  The  air  in  the  gas  bag  is  there- 
fore at  the  pressure  of  the  atmosphere,  and  the  mercury  stands 
at  the  same  level  in  h  and  in  the  tube^/.  As  the  air  in  a  is 
compressed,  and  as  the  air  in  the  connected  Toepler  pump  is 
wised,  the  mercury  in  h  is  also  driven  into  c,  and  at  length 
fills  c  and  rises  into  the  tubes  i  and  I ;  c  thus  becomes  heavy 
enough  to  turn  the  pulley  and  stopcock  unless  prevented. 
When  it  is  permitted  to  turn  it  by  descending  nearly  to  the 
level  to  which  h  rises,  water  escapes  from  the  cylinder.  The 
air  in  the  gas  bag  expands,  permitting  not  only  the  descent  of 
the  mercury  in  the  Toepler  pump,  but  also  of  the  mercury 
from  c  to  J.  The  latter  then  becomes  heavy  enough  to  turn 
the  pulley  into  its  present  position ;  and  so  the  process  may  be 
indefinitely  repeated. 

The  release  of  the  pulley  when  in  its  present  position  is 
controlled  electrically.  At  m  is  a  radial  arm  turning  with  the 
pulley  and  stopcock.  It  is  prevented  from  turning  to  the 
right  by  the  armature  of  an  electro-magnet.  The  circuit 
through  the  coils  of  this  magnet  is  completed  through  the 
naercury  of  the  Toepler  pump  when  this  finishes  its  stroke  and 
discharges  itself  of  air.  Some  little  time  before  this  instant, 
the  loading  of  c  is  completed  :  accordingly,  at  the  instant  of 
the  discharge  and  the  consequent  completion  of  the  circuit, 
the  three-way  stopcock  turns  quickly  to  the  right,  water 
escapes  from  a,  the  air  pressure  is  relieved,  and  the  mercury 
descends  in  the  Toepler,  and  also  in  the  globes  h  and  c. 

It  is  important  that  the  next  ascent  of  mercury  should  not 
begin  too  soon,  but  that  time  should  be  given  for  air  to  flow 
into  the  vacuous  body  of  the  pump.  This  is  managed  by  re- 
tarding the  flow  of  mercury  from  c  back  into  h :  they  are 
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therefore  placed  so  as  not  to  differ  mncli  in  level  when  h  is 
up  and  c  is  down.  The  tube/' is  also  made  rather  small,  and 
may  be  pinched.  It  is  thus  easy  to  make  the  ingress  of  air 
last  two  seconds,  or  ten.  or  a  hnndred. 

Most  of  the  work  of  my  pnmps  is  done  daring  the  night 
and  without  attention :  it  is  accordingly  necessary  to  restore 
any  air  lost  from  the  gas  bag  by  leakage  through  connections. 
The  tube  h  therefore  conveys  the  air  pressure  to  a  small  bottle 
containing  mercury.  When  the  air  in  the  system  is  compressed, 
this  mercury  rises  in  n ;  when  the  pressure  is  relieved,  this 
mercury  again  descends ;  if  air  has  escaped,  the  negative  pres- 
sure on  the  gas  bag  caused  by  the  outflow  of  water  draws  in 
air  through  n,  and  thus  keeps  up  the  supply  for  compression. 

It  is  desirable  that  no  considerable  sparking  should  take 
place  within  the  Toepler  pump.  A  small  current  may  be  sent 
through  a  relay,  so  that  the  spark  in  the  pump  is  very  small ; 
or  the  circuit  may  be  broken  outside  of  the  pump  before  it  is 
broken  within  it.  The  latter  method  is  used  in  the  air  com- 
pressor from  which  the  drawing  was  made.  Fig.  2  shows  the 
device  used.  In  the  position  seen,  the  circuit  is  completed 
from  a,  through  the  springs,  cc  to  d^hy  means  of  the  contact 
piece  K  If  now  the  circuit  is  also  completed  through  the 
pump,  the  magnet  will  lift  its  armature.  The  pulley  will 
then  turn ;  but  before  the  release  of  air  pressure  nas  begun, 
the  contact  piece  h  will  have  moved  away  from  c,  and  the 
spark  on  opening  the  circuit  will  therefore  occur  between  I 
and  c  and  not  within  the  Toepler  pump. 

An  air  trap  for  loepler  pumps. 

In  some  of  the  work  in  my  laboratory,  a  mercurial  air  pump 
is  required  to  transfer  gas  from  one  vessel  to  another  without 
admixture  with  air.  To  do  this  with  a  Toepler  pump  of  the 
ordinary  pattern  is  practically  impossible.  Air  intrudes  be- 
tween the  rubber  tube  and  the  mercury  which  it  contains.  As 
soon  as  the  glass  tube  is  slightly  fouled,  this  air  insinuates  itself 
between  the  mercury  and  the  glass  and  soon  rises  into  the 

¥nmp  body.  But  a  not  very  complicated  addition  to  the 
oepler  pump  avoids  this  source  of  leakage. 

The  pump  from  which  fig.  3  was  drawn  avoids  contact  of 
rubber  and  mercury ;  and  it  is  possible  that  this  source  of 
leakage  may  not  exist.  But  it  nevertheless  contains  the  modi- 
fication just  mentioned.  This  consists  of  a  second  small 
Toepler  pump  designed  to  free  from  air  the  mercury  which 
enters  the  major  pump. 

The  mercury  holder  r  is  connected  to  the  pump  body  ^  by  a 
glass  tube  bent  as  shown.      When  the   atmospheric  pressure 
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obtains  in  f^  the  upper  level  of  the  mercury  is  at  a  a.  The 
email  tube  c  c  is  bent  upward  again,  widened  at  rf,  and  con- 
tinued upward  in  e.  "When  the  pump  is  in  action,  the  space 
above  a  a  is  a  tolerable  vacuum  except  when  tilled  with  mer- 
cury. If  now  air  rises  with  the  entering  mercury,  it  is  caught 
in  the  bend  above  a:  it  is  driven  into  c,  forced  out  to  rf,  and 
escapes  through  e.  This  being  repeated  at  every  stroke  of  the 
major  pump,  no  such  accumulation  of  air  can  take  place  above 
a  as  to  make  possible  its  passage  down  K  and  up  L  This 
device  not  only  enables  me  to  transfer  gas  from  one  vessel  to 
another  without  admixture,  but  it  contributes  to  the  ease  of 
making  high  vacua.  Some  of  my  work  would  have  been  im- 
possible without  it. 

Discharge  of  Toepler  pump  with  no  compression. 

When  a  Geissler  pump  is  furnished  with  three  stopcocks  as 
is  usual  now,  the  pump  body  is  emptied  not  into  the  atmo- 
sphere but  into  a  good  vacuum,  and,  what  is  important,  the 
air  is  discharged  without  resistance  and  without  consequent 
compression  to  a  very  small  volume.  But  when  a  Toepler 
pump  is  discharged,  even  with  any  auxiliary  vacuum  hereto- 
fore described  (as  far  as  is  known  to  me),  the  discharge  takes 
place  against  the  pressure  of  a  short  column  of  mercury,  and 
the  air  is  therefore  compressed.  There  accordingly  comes  a 
time  when  this  compressed  air  has  no  longer  a  volume  suffi- 
cient to  ensure  its  discharge.  For  instance,  one  of  ray  pumps 
will  carry  an  exhaustion  to  about  one  part  in  tive  million.  The 
amount  to  be  discharged  becomes  at  this  tenuity  so  small  that 
its  volume  when  compressed  forms  only  a  little  bubble  adher- 
ing to  the  side  of  the  tube  through  which  it  ought  to  be  dis- 
charged. But  in  my  laboratory  a  device  has  been  used  for 
many  years  which  empties  the  Toepler  pump  as  completely  as 
the  Geissler  pump  is  emptied  ;  and  lately  this  device  has  been 
made  self-acting!  It  so  much  increases  the  degree  of  exhaus- 
tion which  can  be  attained  that  it  may  be  useful  for  some  pur- 
Eoses,  and  is  shown  in  fig.  3.  k  is  an  enlargement  of  the  tube 
V  which  air  is  discharged  from  g.  It  is  connected  by  a  small 
glass  tube  with  I :  the  tube  is  so  flexible  that  I  can  be  moved 
also  into  the  dotted  position.  To  explain  its  action,  let  us  sup- 
pose that  the  pump  is  filled  with  mercury  to  m,  and  that  I  and 
the  slender  connecting  tube  are  also  so  filled.  When  now  g  is 
emptied  of  mercury,  I  having  been  placed  in  the  dotted  posi- 
tion, will  remain  filled  with  mercury  to  the  level  of  the  upper 
dotted  line,  and  k  will  be  shut  off  from  g.  If  now  I  is  raised 
to  the  upper  position,  mercury  will  run  out  of  it,  but  the  pas- 
sage from  g  to  k  will  remain  closed.     Now,  when  the  mercury 

Am.  Jour.  Soi.— Third  Series,  Vol.  XLYII,  No.  282.— June,  1894. 
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risiDg  for  the  next  stroke  has  partly  filled  the  pnmp  body  g^ 
let  I  be  lowered  ;  the  mercury  which  tills  the  passage  from  ^  to  k 
will  ran  into  I  and  so  open  this  passage.  The  air  in  g  will 
therefore  be  freely  discharged  into  k.  The  simple  raising  and 
lowering  of  I  performs  the  same  function  as  the  use  of  the 
third  stopcock  of  the  Greissler  pump;  and  it  introduces  no 
source  of  leakage.  It  very  greatly  increases  the  perfection  of 
the  vacuum  which  can  be  attained  with  a  Toepler  pump. 

It  was  hoped  to  give  here  the  result  of  a  measurement  of 
the  eflSciency  of  the  same  pump  with  this  device  alternately 
active  and  inactive ;  but  a  serious  accident  makes  it  at  present 
impossible. 

The  means  by  which  the  motion  of  I  is  made  automatic  is 
shown  at  u  and  o.  n  contains  mercury  ;  it  is  connected  with  o 
and  pivotted  near  it.  The  air  pressure  which  works  the  pump 
is  conveyed  to  n.  When  the  mercury  of  the  pump  rises  in  g^ 
mercury  is  also  driven  from  n  to  o  j  this  becomes  heavy, 
draws  /  downward,  and  so  opens  the  passage  from  g  to  h.  This 
passage  as  well  as  I  is  filled  when  the  air  is  discharged  into  A?, 
and  remains  full  when  I  is  raised,  to  be  opened  again  at  the 
next  stroke.  The  device  will  no  doubt  be  thought  rather 
fragile:  but  out  of  some  twenty-five  or  thirty  breakages  of 
Geissler  and  Toepler  pumps  in  my  laboratory,  it  is  the  whim- 
sical fact  that  this  is  the  only  part  which  has  not  yet  been 
broken. 

One  less  important  matter  may  be  mentioned.  About 
twenty  Toepler  pumps  have  been  broken  in  my  experiments 
by  the  impact  of  ascending  mercury  against  the  upper  part  of 
the  pump  body.  It  was  better  economy  of  time  to  break 
them  than  to  drive  them  slowly :  but  very  vexatious.  If  the 
attempt  is  made  to  avoid  breakage  from  this  cause  by  elongat- 
ing the  upper  part  of  the  pump  body,  so  as  to  give  a  slow 
motion  to  the  ascending  mercury,  a  contrary  evil  is  introduced. 
The  descending  mercury  clings  in  the  tube,  and  at  last  falls  so 
heavily  as  to  split  the  tube^/  as  has  happened  to  me  several 
times.  Now  a  contrivance  has  been  in  use  which  it  is  hoped 
may  prevent  breakage  without  retarding  the  action  of  the 
pump.  It  consists  of  a  float  seen  at  r,  fig.  3.  This  is  so  ad- 
justed as  to  settle  into  the  neck  of  f  just  before  the  mercury 
in  g  rises  to  the  danger  point.  The  flow  of  mercury  is  then 
checked  by  the  loosely  fitting  fioat,  and,  what  is  more  im- 
portant, oscillation  is  prevented.  It  works  well  so  far,  al- 
though it  has  not  been  long  enough  in  use  to  warrant  confident 
recommendation.  But  of  the  air  compressor  here  described  it 
is  proper  to  speak  confidently.  The  one  which  has  been  in 
use  longest  often  makes  twenty  thousand  strokes  without 
failure  or  readjustment. 
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Art.  LV. — New  Method  of  determining  the  relative  Affini- 
ties of  certain  Acids ;  bv  M.  Carey  Lea. 

[Read  before  the  National  Academy,  April,  1894,  by  Prof.  Ira  Remsen.] 

This  method  of  measuring  affinities  is  based  on  the  princi- 
ple that  the  affinity  of  any  actd  is  proportionate  to  the  amount 
of  ha^e  which  it  can  retain  in  the  presence  of  a  strong  add 
selected  as  a  standard  of  comparison  for  all  acids.  The 
standard  acid  being  in  all  cases  kept  exactly  at  the  same  dila- 
tion. 

An  example  will  make  this  clearer.  Sulphuric  acid  is  here 
taken  as  the  standard  and  its  presence  or  absence  in  the  free 
state  is  ascertained  by  means  of  the  herapathite  test  (described 
in  this  Journal,  June,  1893).  For  simplicity  we  will  suppose 
that  the  quantity  taken  is  always  a  gram  molecule  at  a  hxed 
rate  of  dilution.  It  is  evident  that  two  gram  molecules  of 
sodium  hydroxide  would  exactly  saturate  it.  If  now  we  take 
a  given  acid  we  may  find  that  a  quantity  of  its  sodium  salt 
corresponding  to  three  gram  molecules  of  sodium  hydroxide 
will  exactly  extinguish  the  reaction  of  a  gram  molecule  of 
free  sulphuric  acid.  With  still  another  acid  we  may  find  that 
a  quantity  of  its  sodium  salt  corresponding  to  four  gram  mole- 
cules of  sodium  hydroxide  are  needed  to  extinguish  the  sul- 
phuric reaction.  Then  the  affinity  of  the  second  acid  is 
exactly  twice  as  great  as  that  of  the  first.  At  the  point  where 
the  free  sulphuric  acid  reaction  was  extinguished  the  second 
add  under  examination  retained  twice  as  much  sodium  as  the 
first  and  this  quite  independently  of  any  question  of  com- 
parative basicity. 

Throughout  the  series  of  determinations  here  to  be  described 
the  sulphuric  acid  was  used  invariably  at  the  same  degree  of 
dilution,  otherwise  the  results  would  not  be  strictly  compara- 
tive.    Having  obtained   normal   acid    by  titration  with  pure 

sodium  carbonate  this  was  further  diluted  to  |  and  50  to  100*^ 
were  found  a  convenient  quantity  to  employ.  The  salt  to  be 
tested  was  finely  powdered  and  thoroughly  dried  at  100°,  or  at 
whatever  higher  temperature  it  could  support.  It  was  then 
placed  in  a  weighing  bottle  and  cooled  in  a  dessicator  and 
kept  there  except  for  a  few  moments  at  a  time.  By  using  the 
dry  salt  the  dilution  of  the  acid  was  kept  constant.  When  the 
point  of  extinguishment  seemed  to  be  reached,  at  least  four 
iSinal  crystallizations  were  made.  Great  care  is  necessary  to 
seize  the  exact  point  of  extinguishment.  The  quantity  of  the 
salt  found  is  then  reduced  to  correspond  with  one  gram  mole- 
cule of  sulphuric  acid.     It  is  next  divided  by  its  own  molecu- 
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lar  weight ;  this  gives  the  number  of  molecnles  of  the  salt 
needed  to  extinguish  the  reaction  in  one  molecule  of  sulphuric 
acid.  In  order  to  make  it  possible  to  compare  acids  of  dif- 
ferent basicities,  the  figures  thus  obtained  must  next  be  modi- 
fied to  correspond  with  the  basicity  of  the  acid  used.  If  the 
acid  is  bibasic  no  change  will  be  needed.  If  monobasic  the 
figures  obtained  must  be  divided  by  2.  If  tribasic  thej  must 
be  multiplied  by  f  etc.  Finally  as  the  quantity  characteristic 
of  the  acid  is  the  excess  of  the  quantity  found,  over  the 
amount  equivalent  to  one  molecule  of  sulphuric  acid,  nnity  is 
deducted  from  the  amount  obtained  and  the  residue  thus  found 
represents  the  comparative  aflBnity  of  the  acid  and  may  be 
called  its  index. 

This  may  be  rendered  more  clear  by  one  or  two  instances. 

In  the  case  of  hydrochloric  acid  there  was  needed  as  a  mean 
of  many  determinations  29*37  gram  molecules  of  sodium 
chloride  to  extinguish  the  reaction  in  one  gram  molecule  of 
sulphuric  acid.  At  this  point  the  solution  necessarily  con- 
tained, 

Na,SO,  +  2HC1 H-  27-37N'aCl. 

This  is  proved  beyond  question  by  the  fact  that  the  solution 
no  longer  gives  a  trace  of  reaction  of  free  sulphuric  acid. 
The  quantity  27*37  gram  molecules  of  sodium  chloride  is  the 
proportion  of  undecomposed  sodium  chloride  that  must  re- 
main in  the  solution  in  order  that  the  sulphuric  acid  may  be 
completely  converted  into  sodium  sulphate  and  may  remain  as 
such  in  the  solution  in  a  condition  of  equilibrium. 

This  number  27*37  therefore  represents  the  strength  of  the 
aflSnity  of  hydrochloric  acid  for  sodium.  But  in  order  to 
compare  acids  of  difiFerent  basicities  it  is  convenient  to  refer 
them  all  to  bibasic  sulphuric  acid  and  therefore  the  number 
just  found  must  be  divided  by  2.  Therefore  13*68  may  be 
taken  as  the  index  of  the  aflSnity  of  hydrochloric  acid  in  com- 
parison with  those  of  other  acids  determined  in  like  manner. 

Similarly  with  pyrophosphoric  acid.  The  mean  value  found 
for  the  quantity  necessary  to  extinguish  the  free  sulphuric  acid 
in  one  gram  molecule  of  sulphuric  acid  was  found  to  be  0*963 
gram  molecules  of  sodium  pyrophosphate.  At  this  point  the 
liquid  contains 

Na,SO,+i(U,P,0,)  -f  •iesCNa.P.O,) 

in  equilibrium.  The  number  '463  therefore  represents  the 
comparative  aflSnity  of  pyrophosphoric  acid  except  that  as  the 
acid  is  quadrobasic  the  number  found  must  be  multiplied  by  2 
in  order  to  bring  it  into  comparison  with  bibasic  acids.  There- 
fore the  index  of  pyrophosphoric  acid  is  •926.  This  acid  be- 
ing quadrobasic   half   a  molecule   contains  the   quantity  of 
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sodium  requisite  to  saturate  a  molecule  of  sulphuric  acid  and 
therefore  only  half  a  molecule  of  pyrophosphoric  acid  is  set 
free. 

In  other  words  :  it  is  found  by  experiment  that  the  quantity 
of  sodium  pyrophosphate  necessary  to  extinguish  the  reaction 
for  free  sulphuric  acid  with  1000  molecules  of  that  acid  is  963 
molecules ;  out  of  this,  500  molecules  of  pyrophosphoric  acid 
are  set  free  as  just  mentioned  and  there  remain  463  molecules 
of  undecomposed  pyrophosphate.  This  number  463  multi- 
plied by  2  because  of  the  basicity  of  the  acid  and  divided  by 
1000  to  make  it  correspond  to  one  molecule  of  sulphuric  acid 
gives  "926  as  the  index  of  pyrophosphoric  acid. 

The  state  of  equilibrium  is  always  conditioned  by  the  degree 
of  concentration.  If  to  any  solution  of  sulphuric  acid  a  salt 
is  added  in  just  suflScient  quantity  to  extinguish  the  sulphuric 
acid  reaction,  it  is  then  only  necessary  to  add  a  little  water  and 
the  equilibrium  is  at  once  changed :  a  certain  portion  of  the 
salt  that  had  been  added  is  re-formed  and  the  sulphuric  reac- 
tion reappears.  In  order  therefore  to  obtain  true  comparative 
results  it  is  necessary  to  use  the  sulphuric  acid  always  at  exactly 
the  same  dilution  and  to  add  the  dry  salt  to  it. 

The  aflSnity  of  sulphuric  acid  for  water  is  a  most  important 
factor  in  all  determinations  of  this  nature.  Mendeleef  indeed 
expresses  the  opinion*  that  most  of  the  affinities  hitherto  de- 
termined are  unreliable  for  want  of  sufficient  exactitude  in 
this  respect. 

To  show  how  much  precaution  is  needed,  the  following  re- 
actions may  be  mentioned. 

When  4°°  of  normal  sulphuric  are  added  to  40*^*^  of  normal 
solution  of  sodium  nitrate  not  a  trace  of  free  sulphuric  acid 
can  be  detected  in  the  liquid.  In  consequence  of  the  large 
excess  of  sodium  salt  the  sulphuric  acid  has  been  completely 
taken  up  by  the  sodium  with  of  course  an  expulsion  of  an 
equivalent  quantity  of  nitric  acid. 

But  when  instead  of  4°*^  of  normal  sulphuric  acid  we  use 
40*^*^  of  decinormal  acid  then  although  the  quantities  of  acid 
and  of  salt  are  exactly  the  same  the  equilibrium  is  completely 
changed.  The  greater  quantity  of  water  present  by  reason  of 
its  affinity  for  sulphuric  acid  counteracts  to  some  extent  the 
affinity  of  the  sodiujn.  Free  sulphuric  acid  exists  in  the 
solution  and  is  abundantly  indicated  by  the  herapathite  test. 

This  difference  may  be  even  more  strikingly  shown  in  the 
following  manner.  Taking  the  mixture  of  4^^  of  normal  sul- 
phuric acid  and  40°°  of  normal  solution  of  sodium  nitrate  let  a 

•Principles of  Chemistry,  English  ed.,  vol.  i,  p.  37 T»  footnote. 
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drop  be  placed  in  each  of  two  small  porcelain  basins  previously 
slightly  warmed.  To  one  of  them  let  a  single  drop  of  distilled 
water  be  added  and  then  the  herapathite  test  to  both.  In  a 
few  minutes  the  one  which  has  received  the  drop  of  water  will 
show  well  marked  crystallizations  of  herapathite  whilst  the 
other  will  not  show  a  trace. 

The  effect  of  dilution  in  changing  the  equilibrium  of  the 
solution  of  a  base  with  mixed  acids  is  thus  made  visible  to 
the  eye  by  a  chemical  reaction.  Hitherto  it  has  been  a  deduc- 
tion from  physical  changes  requiring  great  delicacy  of  measure- 
ment. Results  of  a  precisely  similar  character  were  obtained 
when  potassium  bromide  was  substituted  for  sodium  nitrate 
and  are  no  doubt  of  general  occurrence. 

The  applicability  of  this  method  proved  to  be  a  good  deal 
restricted  owing  to  the  tendency  of  many  acids  when  set  free 
to  decompose  the  herapathite  reagent.  For  this  reason  the 
aflSnities  of  hydrobromic,  hydriodic,  chloric,  iodic  and  nitric 
acids  could  not  be  measured  with  accuracy,  although  many 
attempts,  sometimes  as  many  as  30  or  40  or  more  were  made 
to  get  reliable  results.  This  work,  however,  was  not  entirely 
thrown  away.  It  demonstrated  that  chloric  acid  has  the 
strongest  aflSnity  for  bases  of  any  known  acid.  It  might  have 
been  expected  a  priori  that  a  highly  oxidized  acid  of  chlorine 
would  have  stronger  affinities  than  chlorine  hydride.  It  also 
showed  that  the  comparative  affinity  of  nitric  acid  has  hitherto 
been  placed  somewhat  too  high.  Taking  hydrochloric  acid  as 
100,  nitric  acid  scarcely  exceeds  75. 

The  weaker  acids,  being  for  the  most  part  without  action 
on  the  test  solution,  give  satisfactory  results.  Oxalic  and  tar- 
taric acids  must,  however,  be  excepted,  the  acid  set  free  tends 
to  form  acid  salts  of  sparing  solubility,  these  are  precipitated, 
thus  the  conditions  are  changed. 

The  results  obtained  are  here  tabulated. 


Hydrochloric  acid 

29-37 

13-68 

Succinic 

1-21 

0-21 

Acetic 

2-28 

0-14 

Citric 

1-02 

0-50 

Pyrophosphoric 

0-963 

0-926 

Tungstic 

1-2 

0-2 

100 
1-54 
1-02 
3-87 
6-77 
1-46 


The  first  column  of  this  table  shows  the  absolute  number  of 
molecules  of  the  sodium  salt  which  must  be  added  without 
regard  to  the  basicity  of  its  acid  in  order  that  one  molecule  of 
sulphuric  acid  may  be  so  completely  saturated  with  base  as  no 
longer  to  give  a  reaction  for  free  sulphuric  acid. 
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In  the  second  column  these  numbers  are  modified  in  such 
manner  as  to  cause  them  to  justly  represent  the  comparative 
aflSnity  of  the  acid.  With  monobasic  acids  the  number  of 
molecules  is  divided  by  2,  with  quadrobasic  acids  it  is  multi- 
plied by  2.  For  a  tribasic  acid  it  is  multiplied  by  f .  Bibasic 
acids  only,  remain  unchanged.  Next,  unity  is  subtracted  be- 
cause it  is  always  the  excess  of  the  salt  which  must  be  present 
in  order  to  keep  the  sulphuric  acid  saturated  with  base  that 
gives  the  measure  of  the  aflSnity  of  the  acid.  Were  this  cor- 
rection not  applied  the  entire  result  would  be  vitiated. 

The  third  column  gives  the  numbers  as  they  appear  when 
hydrochloric  acid  is  taken  as  100. 

Instead  of  adding  salts  of  diflEerent  acids  to  sulphuric  acid, 
we  may  add  various  acids  to  a  salt  formed  by  the  union  of 
sulphuric  acid  to  a  strong  base,  for  example,  to  sodium  sul- 
phate. 

Sulphuric  acid  is  now  recognized  as  being  a  weaker  acid 
than  hydrochloric,  and  yet  we  have  seen  that  it  is  able  to  de- 
tach a  certain  quantity  of  base  from  a  chloride.  Further,  that 
if  the  chloride  is  present  in  suflScient  excess,  the  sulphuric 
acid  may  take  up  enough  base  to  completely  saturate  itself. 
The  general  fact  that  a  certain  quantity  of  an  acid  may  be 
expelled  from  a  salt  by  another  acid,  even  much  weaker  than 
the  first,  has  been  shown  by  the  researches  of  Thomsen  and 
of  Ostwald.  So  that  if  for  example  we  add  ace*"Jc  acid  to  a 
solution  of  sodium  sulphate  a  distinctly  recognizable  quantity 
of  sulphate  is  decomposed  and  converted  into  acetate.  A  con- 
dition of  equilibrium  is  produced  in  which  the  liquid  contains 
both  acids  in  a  free  state  and  both  salts.  In  some  way  that  we 
do  not  yet  understand  the  presence  of  the  free  acid  maintains 
the  combined  acid  in  its  combination.  The  sodium  acetate 
exists  only  by  virtue  of  the  free  acetic  acid  present. 

The  existence  of  this  state  of  equilibrium  was  first  proved 
by  Thomsen  who  deduced  it  from  the  thermochemical  changes 
which  took  place  on  mixing  the  solutions.  Ostwald  reached 
similar  conclusions  by  making  accurate  determinations  of  the 
changes  of  volume  and  consequently  of  specific  gravity  which 
resulted  from  the  mixing  of  the  solutions,  and  in  other  ways. 

In  both  these  cases  the  conclusions  are  reached  by  logical 
deductions  from  the  phenomena  observed.  But  with  the  aid 
of  the  herapathite  test  the  expulsion  of  sulphuric  acid  by  a 
very  much  weaker  acid  can  be  rendered  immediately  evident 
to  the  eye.  Thus  if  to  the  solution  of  sodium  sulphate  we 
add  acetic  acid  and  place  two  or  three  drops  of  the  mixture  in 
a  warm  porcelain  basin  and  add  some  of  the  test  liquid  to  it, 
in  a  few  minutes  we  have  great  number  of  small  black  rosettes 


460      J/".  G.  Lea — Relative  Affinities  of  certam  Adds. 

of  herapathite  which  crystallize  out.  Solution  of  sodium  sul- 
phate not  containing  acetic  acid  gives  no  such  reaction  with 
the  herapathite  test.     It  dries  up  to  a  pale  yellow  residue. 

Acids  vary  very  much  in  their  ability  to  detach  sulphuric 
acid  from  sodium.  The  following  acids  when  added  to  sodium 
sulphate  and  tested  by  the  herapathite  test,  give  the  results 
here  noted. 

Malic  acid,  gives  an  abundant  crystallization. 

Succinic  acid,  acts  similarly. 

Lactic  acid,  a  moderate  reaction. 

Mucic  acid,  about  the  same  as  lactic. 

Vanadic  acid,  traces. 

Arsenic  acid,  abundant  crystallization. 

Hippuri(i  acid,  distinct  traces. 

Salicylic  acid,  distinct  crystallization. 

Of  course  the  stronger  organic  acids,  tartaric,  oxalic  and 
citric  separate  sulphuric  acid  with  abundant  crystallizations  of 
herapathite  when  they  are  made  to  act  on  sodium  sulphate  and 
the  test  is  applied.  It  was  observed  that  an  acid  oxalate  acts 
like  a  free  acid.  Thus  when  a  solution  of  potassium  binox- 
alate  or  quadroxalate  is  added  to  one  of  sodium  sulphate,  sul- 
phuric acid  is  detached  precisely  as  if  free  oxalic  acid  had 
been  used. 

It  is  clear  that  extremely  weak  acids  such  as  hippuric  and 
salicylic  are  able  to  take  a  certain  quantity  of  base  even  from 
so  strong  an  acid  as  sulphuric,  setting  free  a  recognizable  quan- 
tity of  this  latter  acid.  Carbonic  acid  is  still  weaker  than 
these.  Ostwald  in  determining  the  relative  aflSnities  of  acids 
by  the  rate  of  the  decomposition  of  acetamide  and  by  the 
inversion  of  cane  sugar  found  no  appreciable  efifect  from  car- 
bonic acid.  It  therefore  became  of  interest  to  ascertain  if  any 
sensible  decomposition  of  sodium  sulphate  would  result  from 
the  action  of  this  acid. 

Perfectly  pure  carbonic  anhydride  was  passed  for  a  long 
time  through  a  solution  of  sodium  sulphate  without  setting 
free  a  recognizable  trace  of  sulphuric  acid.  This  was  expected, 
the  experiment  was  only  preliminary  to  its  repetition  under 
pressure. 

For  this  purpose  sodium  sulphate  with  the  test  solution  was 
placed  in  one  leg  of  a  bent  tube,  in  the  other  leg  was  placed 
sodium  bicarbonate ;  and  the  tube  was  sealed.  Heat  was  grad- 
ually applied  to  the  bicarbonate.  In  the  second  trial  the 
pressure  was  raised  so  high  that  the  stout  glass  tube  was  ulti- 
mately shattered  with  violence.  The  leg  containing  the  test 
liquid  and  sulphate  had  been  secured  in  a  clamp  and  remained 
uninjured.  The  liquid  therefore  had  been  subjected  to  the 
action  of  carbonic  anhydride  at  a  high  pressure — it  however 
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gave  no  indications  of  a  separation  of  traces  of  sulphuric  acid 
under  its  action.  It  is  to  be  remarked  that  this  test  is  more 
decisive  than  if  a  solution  of  sodium  sulphate  had  been  used 
and  had  been  tested  afterwards.  For  in  this  last  case,  on  re- 
lease of  the  pressure,  the  reaction  might  readily  be  reversed 
with  recombination  of  sulphuric  acid,  nad  any  been  liberated. 
But  with  the  test  liquid  present  during  the  pressure  this  re- 
versal could  not  take  place. 

Carbonic  anhydride,  therefore,  does  not  even  under  pressure, 
set  free  any  portion  of  sulphuric  acid  from  sodic  sulphate. 

The  reactions  described  in  this  paper  indicate : 
1st.  That  when  to  free  sulphuric  acid  a  salt  is  added  in 
sufficient  quantity  to  cause  the  whole  of  tlie  sulphuric  acid  to 
saturate  itself  with  the  salt-base,  it  is  possible  by  means  of  the 
herapathite  test  to  determine  the  exact  point  of  such  satura- 
tion. At  this  point  there  will  necessarily  be  as  much  of  the 
acid  at  first  combined  with  the  base,  now  free  in  the  solution, 
as  corresponds  to  one  molecule  of  a  bibasic  acid,  that  is  two  of 
a  monobasic  acid,  half  a  molecule  of  a  quadrobasic  acid,  etc. 
From  this  we  can  deduce  the  exact  nature  of  the  resulting 
equilibrium. 

2.  That  a  series  of  equilibria  thus  obtained  with  different 
salts,  enables  us  to  determine  the  comparative  strength  of  the 
affinities  of  the  acids  of  those  salts. 

3.  That  the  fact,  already  proved  in  other  ways,  that  even 
small  quantities  of  weak  acids,  added  to  sulphates  will  set  free 
a  certain  quantity  of  sulphuric  acid,  can  by  means  here  given 
be  for  the  first  time  rendered  visible  to  the  eye  by  a  well 
marked  chemical  reaction. 


Art.   LVI. — On  Argyrodite  and  a  new  Sulphostannate  of 
Silver  from  Bolivia  ^  by  S.  L.  Penfield. 

In  the  August  number  of  this  Journal,  1893,  page  107,  the 
author  described  as  a  new  species  a  germanium  mineral  from 
Bolivia,  to  which  the  name  canfieldite  was  given.  It  was 
shown  that  the  mineral  was  identical  with  argyrodite  in  chem- 
ical composition,  but  differed  apparently  in  crystallization, 
canfieldite  being  isometric  while  argyrodite  was  monoclinic, 
according  to  the  description  of  Weisbach.*  The  discovery  of 
the  isometric  mineral  was  communicated  by  letter  to  Professor 
Weisbach,  and  soon  after  the  publication  of  the  author's  article 
a  reply  was  received  from  him,  in  which  it  was  stated  that 

*  Jahrb.  f.  Min.,  1886,  ii,  p.  67. 
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better  cr jBtalB  of  the  Freiberg  argyrodite  than  those  ori^nallj 
described  had  been  examinee,  and  the  results  had  shown  that 
they  were  isometric  and  tetrahedral.  These  conclusions  have 
since  been  published.*  The  forms  m  and  o  of  Weisbachf  are 
regarded  as  the  dodecahedron  (110),y  and  k  as  the  tetrahedron 
af(lll),  i  and  v  as  the  negative  pyramidal-tetrahedron  af(311) 
—  ^^.  Argyrodite  being  isometric  it  is  evident  that  the  Bo- 
livian mineral  is  not  a  new  species  and  the  name  canfieldite  is 
therefore  withdrawn.  For  the  sake  of  simplicity  it  is  a  satis- 
faction to  have  the  Bolivian  mineral  identical  with  that  from 
Freiberg,  and  it  is  regretted  that  the  isometric  character  of 
argyrodite  was  not  made  known  before  the  publication  of  the 
canfieldite  paper.  It  was  hoped  that  by  the  present  time  some 
definite  information  could  be  given  concerning  this  new  occur- 
rence of  argyrodite,  but  as  yet  no  data  have  been  received 
other  than  that  it  is  a  well  known  silver  ore  in  the  mines  at 
Potosi. 

There  has  also  recentlv  come  into  the  authors  possession, 
through  the  kindness  of  Mr.  Wm.  R  Hidden  of  New  York,  a 
specimen  from  La  Paz,  Bolivia,  which  was  supposed  to  be 
argyrodite.  Its  total  weight  was  a  little  over  seven  grams  and 
it  consisted  of  a  few  attached  octahedrons,  modified  by  dode- 
cahedron planes,  the  largest  crystal  measuring  IS"*"*  in  axial 
diameter.  The  only  visible  impurity  was  a  very  little  metallic 
silver  in  wire  form,  deposited  in  a  few  places  on  the  outside  of 
the  crystals.  The  mineral  is  almost  identical  with  argyrodite 
in  all  of  its  physical  properties.  The  luster  is  brilliant  metal- 
lic. Color  black  with  the  same  bluish  to  purplish  tone 
observed  on  argyrodite.  The  fracture  is  irregular  to  small 
conchoidal.  Very  brittle.  Hardness  2^-3,  specific  gravity 
6*276,  that  of  argyrodite  from  Bolivia  being  6*266.  Heated  be- 
fore the  blowpipe  on  charcoal  at  the  tip  of  the  blue  cone  the  min- 
eral fuses  at  about  2  and  yields  a  coating  of  the  mixed  oxides 
of  tin  and  germanium.  This  is  white  to  grayish  near  the 
assay,  tinged  on  the  outer  edges  with  yellow.  By  continued 
heating  a  globule  of  silver  results  but  this  is  covered  by  a 
scale  or  coating  of  tin  oxide.  If  the  coating  on  the  charcoal 
is  scraped  together  and  fused  in  the  reducing  flame  with 
sodium  carbonate  globules  of  tin  are  formed.  In  the  closed 
tube  sulphur  is  given  off  and  at  a  high  temperature  a  slight 
deposit  of  germanium  sulphide,  which  fuses  to  globules,  is 
formed  near  the  assay;  In  the  open  tube  sulphur  dioxide  is 
given  off  but  no  sublimate  is  deposited. 

The  following  method  was  adopted  for  the  analysis.  The 
mineral  was  oxidized  by  concentrated  nitric  acid  and  the  excess 

*  Jahrb.  f.  Min.,  1894,  i,  p.  98. 

f  Compare  figure  in  Dana's  Mineralogy,  sixth  edition,  p.  150. 
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of  the  latter  removed  by  evaporation.  The  residue  after 
luoisteniDg  with  nitric  acid  was  digested  with  boiling  water  for 
some  time  and  the  insoluble  meta-stannic  acid  filtered  off. 
This  was  transferred  while  still  moist  to  a  beaker  and  treated 
with  strong  ammonia  into  which  hydrogen  sulphide  was  con- 
ducted until  the  meta-stannic  acid  had  gone  into  solution.  A 
slight  insoluble  residue  was  filtered  off  at  this  point  which 
contained  about  0*10  per  cent  of  tin  and  0*40  per  cent  of  silver. 
From  the  ammonium  sulphide  solution  the  tin  was  precipi- 
tated by  addition  of  a  little  sulphuric  acid  and  weighed  as 
oxide.  The  filtrate  from  the  stannic  sulphide  was  evaporated 
and  yielded  a  little  germanium  which  had  not  been  separated 
from  the  tin  by  the  nitric  acid  treatment.  In  the  original  fil- 
trate from  the  meta-stannic  acid  silver  was  precipitated  by 
means  of  hydrochloric  acid  and  weighed  as  chloride.  The 
sulphur  was  next  precipitated  by  barium  nitrate,  and  after 
purifying  by  fusion  with  sodium  carbonate  weighed  as  barium 
sulphate.  Before  evaporating  the  filtrates  hydrochloric  acid 
and  barium  were  removed  by  precipitation  with  silver  nitrate 
and  sulphuric  acid.  The  excess  of  silver  was  finally  removed 
by  ammonium  thiocyanate  and  the  germanium  obtained  from 
the  filtrate  as  described  in  a  previous  communication.^  The 
results  of  the  analysis  are  as  follows  : 


S   16-22 

Sn 6-94 

Ge 1-82 

Ag 74-10 

ZnandFe  -21 


Ratio. 

Theory  for  Ag8(SnGe)Sfl 
where  Sn:  Ge  —  12:  5. 

•507 

5-92 

16-56 

'^^^^  I  -0842 
-0263  \  ^^^^^ 

0-98 

7-18 
1-83 

•686 

8-00 

74-43 

99-29  100-00 

In  this  compound  tin  is  undoubtedly  isomorphous  with  ger- 
manium, and  the  two  are  present  in  about  the  proportion  12  : 5. 
The  ratio  of  S:Sn-fGe:Ag  in  the  analysis  is  very  close  to 
6:1:8,  indicating  that  the  formula  is  Agg(SnGe)Sg  or  ^Ag^S . 
("Sn .  Ge)Sa.  The  agreement  between  the  theory  and  the 
analysis  is  satisfactory. 

The  only  sulpho  stannates  thus  far  known  to  occur  in  nature 
are  the  rare  species  stafinite,  Cu^S,  FeS,  SnSj,  franckeite, 
5PbS,  SbaS,,  2SnSa  dJiA.  plumhostannite  a  mineral  of  doubtful 
composition  containing  Pb .  Fe  .  Sb.  and  S,  described  by  Rai- 
mondi.f  Franckeite  has  recently  been  described  by  StelznerJ 
and  in  it  Winkler  was  able  to  identify  a  small  amount  of  ger- 

*  This  Journal,  xlvi,  p.  Ill,  1893. 
fZeitschr.  Krvst.,  vi,  p.  632,  1882. 
tJahrb.  Mm,'l893,  II,  p.  114. 
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manium,  probably  about  0*10  per  cent.  These  authors  call 
attention  to  the  fact  that  since  tin  and  germanium  belong  to 
the  same  chemical  group  they  are  isamorphous  with  one  an- 
other and  suggest  the  probability  of  finding  in  Bolivia  a 
sulpho-stannate  of  silver  isomorphous  with  argyrodite.  The 
new  mineral  described  in  this  article  corresponds  precisely  to  this 
idea.  As  the  Freiberg  argyrodite  has  been  shown  to  be  isomet- 
ric, and  the  name  canfieldite  cannot  therefore  be  applied  to  the 
germanium  compound,  it  is  proposed  now  to  transfer  the  name 
to  the  new  isomorphous  tin  compound.  It  is  not  probable 
that  this  will  cause  confusion  as  the  name  as  at  first  applied 
was  not  long  in  use  and  has  never  been  introduced  into  any  of 
the  text-booKS  or  systems  of  mineralogy,  and  especially  as  it  is 
now  transferred  to  a  species  which  is  very  closely  related,  and 
should  come  next  to  argyrodite  in  a  natural  system  of  classifi- 
cation. It  is  probable  that  various  mixtures  of  argyrodite 
AggGeSg  and  the  molecule  AggSnSj  will  be  found  and  it 
would  seem  best  to  consider  this  latter  as  the  canfieldite  mole- 
cule, while  the  intermediate  isomorphous' mixtures  would  be 
called  argyrodite  or  canfieldite,  according  as  the  germanium  or 
the  tin  molecule  predominated. 

Eegarding  the  crystallization  of  the  argyrodite  and  can- 
fieldite from  Bolivia  the  specimens  examined  by  the  author, 
are  apparently  holohedral.  The  octahedron  faces  are  equally 
developed  and  have  the  same  luster.  There  is,  however,  on 
each  of  the  dodecahedral  faces  of  the  canfieldite  specimen  a 
distinct  furrow  or  slight  depression  running  in  the  direction  of 
the  longest  diagonal.  This  may  indicate  a  twinning  which  has 
given  rise  to  the  apparently  holohedral  form,  or  the  latter  may 
of  course  have  resulted  from  an  equal  development  of  positive 
and  negative  tetrahedrons. 

Laboratory  of  Mineralogy  and  Petrography, 
Sheffield  Scientific  School,  New  Haven,  April,  1 894. 


Akt.  LVII. — On  the  Damping  of  Bell-magneto  and  Ming- 
Tnagnets  hy  surrounding  copper;  by  Akthur  Kendrick. 

This  paper  presents  the  results  of  some  observations  made 
by  the  writer  at  various  times  upon  the  damping  of  bell-mag- 
nets and  ring-magnets  in  copper  boxes  with  the  view  of  ascer- 
taining roughly  the  relations  between  magnetic  moment, 
inertia  moment,  and  size  and  shape  of  the  surrounding  copper. 

The  accompanying  figures  show  at  a  glance  the  dimensions 
of  the  magnets  and  some  of  the  boxes  used.  Figures  1,  3,  4 
and  9  show  vertical  and  horizontal  sections,  fig.  2,  a  horizontal 
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section,  and  fig.  6,  horizontal  section  and  side  elevation  (with- 
out perspective)  of  cylindrical  boxes  for  the  bell-rnagnets. 
Similarly  the  bell-magnets  are  shown,  p.  461,  by  horizontal  sec- 
tions and  side  elevations.  The  suspension  was  a  raw  silk  fiber 
whose  torsional  eflfect  can  practically  be  ignored,  though  it 
was  quite  appreciable  in  the  cases  of  the  smallest  magnets. 
The  restoring  force,  unless  otherwise  stated,  is  understood  to 
be  the  earth's  field,  which  has  at  the  point  where  the  needles 
were  suspended  a  horizontal  intensity  of  about  .16  dyne  per 
unit  pole. 

As  a  measure  of  the  damping  that  occurs  in  a  succession  of 
vibrations,  I  will  use  the  average  of  the  ratios  of  each  ampli- 
tude to  the  preceding  amplitude  taken  from  a  number  of 
successive  swings  and  call  this  A.  Its  reciprocal  is  approxi- 
mately the  logarithmic  decrement,  but  this  ratio  is  more  con- 
venient, especially  for  plotting,  as  the  values  must  lie  between 
0  and  1,  instead  of  between  oo  and  1.  The  lower  limit  signi- 
fies "  dead-beat "  vibration,  and  the  upper  limit,  no  damping. 
A  value  of  A  less  than  0*1  means  for  most  work  very  good 
damping.  Since  some  of  the  following  comparisons  are  made 
by  referring  to  the  number  of  swings  ^alf  vibrations)  that  the 
needle,  after  disturbance,  makes  before  coming  to  rest,  it  may 
be  useful  to  write  a  table  giving  approximately  the  values  of 
A  corresponding  to  these.  The  scale  used  in  reading  deflec- 
tions was  divided  into  millimetere  (scale  distance  about  65*^°"), 
and  the  readings  made  to  two-tenths  of  a  millimeter.  Then 
with  a  moderate  initial  disturbance  of  the  needle,  say  about 
200"°*,  if  the  vibrations  decease  to  less  than  two-tenths  of  a 
millimeter  in 

5  swings,  A  is  about  0*20 
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Let  any  copper  box  be  designated  by  the  number  of  the 
figure  that  represents  it,  and  any  magnet  by  its  letter. 

Magnet  Q  was  used  under  a  larger  variety  of  conditions  than 
any  of  the  others.  These  varying  conditions  were  :  five  dif- 
ferent moments  of  inei-tia  of  relative  values  I'O,  1*15,  2*4,  2*9, 
3*7,  the  first  being  that  of  the  magnet,  mirror  and  suspension, 
and  the  others  were  produced  by  the  addition  of  inertia  discs ; 
three  magnetic  moments  of  relative  values  0*44,  0*68,  I'O,  the 
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latter  being,  apparently,  the  greatest  possible  permanent 
moment  for  Q,  its  value,  about  52*^«"  units ;  the  earth's  field 
and  a  considerably  weakened  field ;  a  variety  of  shapes  and 
sizes  of  the  copper  boxes,  and  one  box  of  brass.  Box  1  was 
bored  to  successive  depths  1st,  2d,  3d,  4th  as  shown  in  fig.  1, 
the  4th  meaning  that  it  was  bored  quite  through.  Box  4  was 
given  successive  interior  diameters,  a,  5,  c.  With  1  (1st),  3 
and  4  {a\  all  of  the  same  interior  diameter,  the  A's  were  found 
for  the  five  different  inertia  moments  and  the  three  magnetic 
moments.  Using  the  A's  for  ordinates  and  the  relative  inertia 
moments  for  abscissas  and  plotting  a  curve  for  each  of  the 
three  boxes  for  each  magnetic  moment  there  results  nine 
curves,  or  three  sets  (corresponding  to  the  magnetic  moments) 
of  three  curves  each  (each  curve  of  a  set  corresponding  to  a 
box).     Fig.  7  presents  two  of  these  curves.     I  is  plotted  from 
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A's  given  by  Q  in  box  1  (1st)  with  relative  magnetic  moment 
I'O,  and  II,  from  Q  in  boxes  3  and  4  («),  (these  two  giving 
nearly  the  same  damping).  The  two  other  sets  of  curves  from 
relative  magnet  moments  0*68  and  0*44  would  be  located 
respectively  above  curves  I  and  II  and  are  very  similar  to 
them.  The  relative  moments  of  inertia  are  plotted  as  abscissae 
and  the  A's  as  ordinates.  Plotting  the  relative  magnetic  mo- 
ments of  Q  as  abscissae  and  the  A's  as  ordinates,  and  using 
relative  inertia  moment  3'7  and  box  1  (1st),  we  get  I  of  fig.  8 ; 
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with  box  1  (Ist)  and  inertia  moment  1*0,  curve  III ;  and  simi- 
larly with  box  3  (or  4a)  curves  II  and  IV  respectively  for  the 
inertia  moments  3*7  and  1*0.  [The  ordinate  of  the  lower  end 
of  curve  II,  fig.  8,  should  read  '27  instead  of  '21.] 
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Several  things  appear  from  these  curves.  The  damping 
due  to  these  boxes  is  similar ;  it  is  appreciably  less  in  box  1 
than  in  3  and  4  («),  and  almost  inappreciably  less  in  3  than 
in  4  (a),  so  the  extra  thickness  of  4a  is  superfluous  ;  when  the 
moment  of  inertia  and  magnetic  moment  are  both  1*0,  box  1 
(Ist)  gives  A  =  0-09  and  boxes  3  and  4  (a)  give  A =0-04,  the 
latter  practically  aperiodic,  and  the  former  very  satisfactory 
damping;  a  comparatively  slight  increase  of  the  greatest  mag 
netic  moment  or  slight  decrease  of  the  least  inertia  moment 
would  give  "  dead-beat "  vibration  ;  the  rate  of  decrease  of  A 
with  respect  to  increase  of  relative  magnetic  moment  is  greater 
than  the  rate  of  decrease  of  A  with  respect  to  decrease  of  rela- 
tive inertia  moment. 

In  what  follows  Q  is  used  with  relative  inertia  moment  and 
relative  magnetic  moment  each  equal  to  unity. 

The  effect  of  the  thickness  of  the  copper  in  the  bottom  of 
these  boxes  is  indicated  by  fig.  1.  Box  1  was  used  succes- 
sively with  the  three  thicknesses  of  bottom  shown  in  fig.  1,  and 
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fourthly  with  the  bottom  bored  through.  The  A's  as  abscissse 
and  thicknesses  of  bottom  as  ordinates  give  the  first  curve  on 
the  right  in  fig.  1,  and  the  second  curve  is  for  the  values  of  A 
when  the  needle  was  at  the  same  heights  and  the  bottom  bored 
through.  The  advantage  of  having  at  least  a  slight  thickness 
of  copper  in  the  bottom  is  evident  from  the  curves.  The 
effect  of  a  thick  plate  of  copper  alone  such  as  box  3  inverted 
under  the  needle  is  slight,  A  being  about  0*75. 

An  idea  of  the  relative  effect  of  various  outside  and  inside 
diameters  of  the  damping  boxes  is  given  by  fig.  5,  where  each 
pair  of  adjacent  segments  represents  sections  of  those  boxes 
that  give  nearly  the  same  damping  effects.  Thus,  A  and  B 
give  A=0-04r,  C  and  D  give  A=0-12,  £  and  F  give  A=0-18. 
I)  is  box  1  (2d),  C  is  4:  (c) ;  B  is  3  and  4  {a\  and  A  is  a  box  of 
outside  diameter  equal  to  D  but  smaller  inside  diameter.  E  is 
box  2,  described  in  the  following  paragraph,  and  F  is  box 
A  turned  down  to  smaller  outside  diameter.  The  thickness  of 
the  bottom  of  all  these  is  about  the  same.  The  space  for  the 
magnet  in  A  and  F  is  too  small  for  convenient  leveling,  in  0 
it  is  larger  than  necessary. 

Box  2  is  of  like  dimensione  with  3  but  planed  down  on  two 
faces.  This  gave  A=0*18,  and  the  direction  of  the  longer 
transverse  axis  was  immaterial.  It  should  not  be  inferred,  of 
course,  from  this  that  the  same  effect  would  be  obtained  from 
a  circular  cylinder  of  the  radial  dimensions  of  the  shorter  axis. 
In  fact  very  nearly  the  same  damping  was  given  by  a  circular 
box  of  2"°^  thickness  and  inside  diameter  of  2°^°^  less  than  that 
of  box  2.     This  is  shown  by  E  and  F  of  tig.  5. 

Fig.  6  gives  horizontal  section  and  vertical  elevation  of  a 
box  like  8,  but  slit  nearly  through  vertically,  aa  and  a' a'  are 
positions  of  the  slit  respectively  perpendicular  and  parallel  to 
the  needle's  magnetic  axis  when  at  rest.  In  the  position  aa  A 
was  0*60,  and  in  the  position  a' a'  A  was  0*04,  the  same  as 
when  there  was  no  slit.  This  box  was  afterward  slit  com- 
pletely through.  With  both  halves  in  position  a' a'  the  needle 
came  to  rest  in  4  swings,  with  one-half  in  7  swings.  In  posi- 
tion aa^  both  halves,  19  swings  ;  one-half,  37  swings. 

With  a  brass  box  of  same  outside  diameter  as  3,  bored 
through,  inside  diameter  2™"  less  than  that  of  3,  A  was  about 
0*80.  Comparing  this  with  1  (4th),  brass  is  seen  to  be  de- 
cidedly inferior  to  copper  as  a  damping  material. 

With  a  stronger  field  the  A's  are  of  course  larger,  with  a 
weakened  field  smaller,  and  for  Q  in  all  of  the  above  men- 
tioned boxes,  except  the  brass  one,  the  swing  may  be  made 
"  dead-beat."  The  time  of  swing  is,  however,  lengthened  with 
increased  damping,  and  this  is  the  more  noticeable  the  smaller 
the  moment  of  inertia.     This  seems  to  show  that  the  effect  of 
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reducing  the  inertia  moment  below  the  point  required  for 
"  dead-beat "  vibration  would  be  to  increase  the  time  of  com- 
ing to  rest.  With  a  field  of  about  -^^  the  value  of  the  earth's 
field,  the  time  of  a  half  vibration  of  Q  in  air  was  5  seconds, 
and  in  box  4,  the  vibration  being  *'  dead-beat,"  it  required 
about  30  seconds  to  come  to  rest,  but  with  an  inertia  disc,  that 
increased  the  time  in  air  to  10  seconds,  the  time  of  coming  to 
rest  was  about  30  seconds.  In  4  {c)  in  the  same  field  without 
the  inertia  disc,  the  vibration  being  also  "dead-beat,"  the  time 
was  lengthened  only  about  2  seconds. 

The  foregoing  results  were,  as  above  stated,  obtained  by 
using  the  magnet  Q  only,  and  similar  action  would  naturally 
be  expected  from  other  bell-magnets  and  corresponding  boxes, 
but  it  may  be  of  interest  to  mention  other  forms  and  sizes  that 
were  tried.  T  is  of  about  one-half  the  linear  dimensions  of  Q 
(thickness  about  the  same).  Its  time  of  swing  in  air  was 
nearly  the  same  as  that  of  Q  when  in  the  same  field,  hence  the 
ratio  of  inertia  moment  to  magnetic  moment  for  the  two  sus- 
pended systems  was  about  the  same.  But  the  magnetic  moment 
of  T  is  about  ^V  of  that  of  Q,  hence  the  inertia  moment  is 
about  -^^  that  of  Q.  Supposing  Q  in  box  1  (1st),  if  reduced  to 
3*5  in  relative  magnetic  moment  and  relative  inertia  moment, 
to  represent  T  in  box  7.  Producing  curve  III  of  fig.  8,  so 
that  it  will  include  the  point  where  the  magnetic  moment  is 
0*1,  we  find  the  corresponding  A  is  about  0*65.  We  see  from 
curve  I  of  fig.  7  that  a  reduction  of  the  moment  of  inertia  to 
O'l  would  at  least  reduce  A  from  0*09  to  0,  and,  without 
attempting  to  make  any  allowance  for  a  further  effect,  if  we 
subtract  009  from  0*65  we  get  as  an  estimated  value  of  A  for 
T  in  box  7  something  less  than  0*6.  It  was  found  to  be 
slightly  under  0*50.  S  is  twice  as  long  as  T,  and  slightly 
thicker.  The  time  of  swing  is  a  trifle  less  than  that  of  T,  and 
so  its  magnetic  moment  is  greater  in  proportion  to  its  inertia 
moment;  also,  since  its  inertia  moment  is  necessarily  some- 
what greater  than  that  of  T,  the  magnetic  moment  is  greater, 
and  in  the  same  box,  7,  we  should  expect  a  value  of  A  notice- 
ably less  than  for  T.  The  observed  value  is  0*40.  In  a  weak- 
ened field,  the  vibration  of  T  became  aperiodic  in  box  7  and 
.the  time  of  coming  to  rest  was  very  long.  P  had  a  magnetic 
moment  of  about  j^^  that  of  Q,  and  an  inertia  moment  about 
3*8  times  that  of  Q.  Estimating  from  the  curves  II  of  fig.  7 
and  IV  of  fig.  8,  one  would  say  that  the  A  of  P  in  4  {c)  might 
be  about  0*40.  It  came  to  rest  in  11  swings,  or  A  was  approx- 
imately 0*5.  U  has  about  ^  the  moment  of  inertia  of  Q,  and 
about  -A^  its  magnetic  moment ;  0*4  would  be  the  estimate  for 
A  of  U  in  box  3,  and  10  swings  or  approximately  0*45  for  A 
was  the  actual  damping.     R  has  a  moment  of  inertia  about  -j^ 
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that  of  Q  and  a  magnetic  moment  of  about  A  that  of  Q.  A 
would  be  estimated  at  about  0-35,  and  from  observation  it  ia 
0'33.  In  the  series  of  ma^ets  U,  V,  W,  the  magnetic 
moment  is  not  reduced  as  rapidly  as  the  inertia  moment,  and 
consequently  the  damping  is  maintained,  the  values  of  A  in 
box  3  being  given  by  10,  10,  11  swings  respectively.  X  has 
a  magnetic  moment  about  equal  to  that  of  W.  Its  inertia 
moment  is  evidently  far  greater  than  Ws.  It  came  to  rest  in 
box  3  in  25  swings.  Though  these  estimates  of  probable  damp- 
ing in  the  cases  just  cited  are  extremely  rough,  they  seemed 
to  the  writer  to  confirm  the  natural  assumption  that  the  damp- 
ing of  any  one  of  these  bell-magnets  under  varying  conditions 
would  be  typical,  and  the  results  would  be  applicable  in 
general. 

Figures  10  and  11  show  transverse  vertical  sections  of  cop- 
per boxes  for  the  circular  magnets  M  and  N,  10  belongs  to  a 
galvanometer  of  F.  Kohlrausch's  pattern.  The  slot,  «,  is  for 
the  suspension  wire  and  fiber,  and  extends  inward  from  the 
front  face  to  the  same  depth  as  the  hole  in  which  the  needle 
swings.  11  {a)  is  a  copper  cylinder  of  the  same  outside  diame- 
ter as  4.  The  suspension  hangs  through  a  small  hole,  *,  in  the 
top,  11  (S)  is  the  same  but  bored  through.  12  is  similar  to  11 
(a)  but  smaller.  13  is  a  vertical  section  through  the  center  of 
a  spherical  copper  box,  with  spherical  cavity.  The  shell  is 
divided  in  two  by  a  horizontal  plane,  d^  just  above  the  flange, 
the  upper  portion  resting  on  the  lower.  Here  also  a  and  «' 
are  holes  for  the  suspension  and  support  respectively.  M  is  a 
circular  steel  mirror  O'S™""  thick.  N  is  a  ring  of  rectangular 
cross  section  2"™  thick,  with  plane  glass  mirror  within.  The 
magnetic  moment  of  M  was  about  12*7^*"  units,  and  of  N, 
lY-fcgs  units.  The  ratio  of  the  moments  of  inertia  of  N  to  M 
was  estimated  at  about  3-r5.  The  following  table  gives  in 
number  of  swings  the  damping  of  each  needle  by  each  of  these 
boxes  (excepting  M  in  11  (J)). 


Box  10. 

Box  11  (a). 

Box  11  (6). 

Box  12. 

Box  13 

M 

7 

10 

•■  •• 

1 

16 

N 

5 

1 

•      8 

5 

10 

From  this  it  is  readily  seen  that  the  damping  of  this  ring 
was  more  rapid  than  that  of  the  mirror,  that  the  elliptical  box 
is  not  superior  to  the  smaller  circular  box,  that  the  boring 
through  of  11  (J)  did  not  render  it  much  inferior  to  11  (a). 
One  would  suppose  that  the  slot  in  the  upper  part  of  10  would 
perceptibly  impair  its  dampingeffect.  Accordingly  a  box  like 
9  (a)  was  taken  and  the  bottom  wall  slit  through  vertically 
from  front  to  back.     The  damping  of  N  in  this  is  represented 
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by  8  swings,  in  11  (a)  by  Y  swings.  The  same  slit  was  con- 
tinned  through  the  back  and  the  result  was  13  swings.  With 
another  box  the  side  walls  were  slit  horizontally,  result  11 
swings.  These  horizontal  slits  were  then  continued  through 
the  back  nearly  meeting,  result  18  swings.  With  the  slit  ex- 
tended through  and  the  upper  half  alone  used  the  number  of 
Bwings  was  34.  The  faces  of  the  plane  d  oi  13  had  been 
lacquered,  and  the  effect  of  the  horizontal  slitting  just  de- 
scribed would- indicate  that  this  separation  of  the  halves  of  the 
sphere  has  a  very  noticeable  effect  in  reducing  the  damping 
power. 

These  observations  do  not  furnish  sufficient  data  for  attempt- 
ing to  express  in  the  differential  equation  of  motion  of  a 
vibrating  magnet  the  functions  representing  the  damping, 
but  they  may  possibly  prove  useful  in  the  way  of  practical 
suggestion,  and  it  is  with  that  hope  that  the  paper  is  written. 

Jefferson  Physical  Laboratory,  Cambridge,  March,  1 894. 


Art.  LVIII. — On  Thallium  Triiodide  and  its  Relation  to  the 
Alkali-Metal  Triiodides ;  by  H.  L.  Wells  and  S.  L. 
Penfield. 

The  well-known  resemblance  between  the  thallous  salts  and 
many  of  the  corresponding  alkali-metal  salts  has  led  us  to 
prepare  thallium  triiodide  and  to  compare  its  crystalline  form 
with  that  of  the  alkali-metal  triiodides.*  As  a  result,  it  has 
been  found  that  Til,  agrees,  with  remarkable  closeness,  in  form 
with  Rblj  and  Cslj,  and  thus  a  case  of  isomorphism  is  estab- 
lished between  the  higher  iodides  of  thallium  and  the  alkali- 
metals. 

This  isomorphism  is  of  special  interest  because  our  study  of 
the  trihalogen  compounds  of  caesium  has  led  us  to  the  conclu- 
sion that  these  have  the  structure  of  double-salts.  We  con- 
sider the  evidence  of  this  double-salt  structure  as  very  strong, 
and  since  it  seems  necessary  to  infer  that  isomorphism  indi- 
cates the  same  arrangement  of  the  atoms,  we  are  obliged,  in 
spite  of  the  apparent  trivalence  of  thallium  in  thallic  com- 
pounds, to  conclude  that  Til,  is  also  a  double-salt,  to  which 
the  formula  Til .  I,  should  be  given.  It  is  not  safe  to  assert 
at  present  that  all  thallic  salts  must  be  similarly  constituted, 
for  it  is  possible  that  thallium  triiodide  is  not  a  true  thallic 
compound  at  all,  and  that  thallic  sulphate,  nitrate,  etc.,  have 
an  entirely  different  kind  of  structure.     If  it  is  granted  that 
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thallinm  triiodide  is  a  donble-salt,  it  seems  probable  that  many 
other  compounds,  which  are  considered  as  showing  higher 
valence  of  elements,  may  in  reality  have  the  structure  of 
double-salts  or  "  addition  products." 

Thallium  triiodide  was  first  described  by  Nickles*  who  pre- 
pared  it  by  evaporating  an  etherial  solution  of  thallous  iodide 
and  iodine.  Nickles  states  that  he  did  not  obtain  it  in  a  pure 
condition,  but  that  his  product  always  contained  an  excess  of 
iodine.  He  described  its  crystalline  form,  and  his  results  will 
be  mentioned  beyond. 

We  have  modified  Nickles'  method  by  using  alcohol  as  a 
solvent  and  have  encountered  no  difficulty  in  obtaining  a  pure 
product.  The  amount  of  iodine  used  was  slightly  in  excess 
of  the  calculated  quantity,  and  the  solution,  produced  after 
long  digestion,  was  evaporated  over  sulphuric  acid  until  crys- 
tallization took  place.  The  resulting  crystals  were  frequently 
of  large  size,  perfectly  black  with  a  magnificent  luster  which 
was  slowly  lost  upon  exposure.  A  sample  of  the  salt,  simply 
pressed  upon  paper,  gave  the  following  results  upon  analysis : 


Found. 

Thallium 34-22 

Iodine.. 64*80 


Calculated 
for  Tlla. 

34  87 
65-13 


An  examination  of  the  crystals  has  shown  that  they  are 
orthorhombic  and  isomorphous  with  the* orthorhombic  alkali- 
metal  trihalides.  Moreover,  all  the  forms  which  have  been 
observed  have  also  been  found  on  the  alkali-metal  salts,  and 
are  as  follows : 


a,  100,  i'l 

b,  010,  i'i 


1. 


c,  001,  o 
g.  012,  f^ 

2. 


d.  Oil,  14 

e,  102,  yi 


p,  111,   1 


a 


I 


a 


I 


The  habit  is  shown  in  figures  1  and  2,  the  latter  being  re- 
markably like  that  of  Csl,  when    this  had  been  crystallized 
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from  alcohol.  The  measurements  which  were  chosen  as  funda- 
mental are  dAsd,  011>sOll=96°  34'  and  ey^e,  102/sl02  = 
78°  48'  giving  the  axial  ratio  : 

d:h\  c  =  0-6828:1  :  1-1217 

The  dome  g  was  determined  by  the  measurement  ^/s^, 
012aOI2  =  58°  34',  calculated  58°  34'  and  the  pyramid  p  by 
its  position  in  the  zones  a^d  and  d—e, 

A  description  of  this  salt,  including  a  figure,  has  been  given 
by  Nickles.  His  salt,  crystallized  from  ether,  had  the  habit 
shown  in  fig.  3,  the  letters  in  brackets  being  those  used  by 
him  and  the  position  being  changed  to  correspond  with  the 
orientation  of  the  alkali  metal  trihalides.  He  considered  j?  as 
a  prism,  ^  as  a  macropinacoid  and  tn  and  n  as  brachydomes! 
No  calculations  are  given  and  only  the  following  four  measure- 
ments : 

Nickl^s.       Measured.  Calculated  from  author's  measurement. 

p^p  =  100°  15',  101°  12'  for  e/^e,   102 /s  102 

pAst  —  39     22,  39     24      "     eA^,  102xs001 

py^m=  61  59      3      "     Ca^,   102/sOll 

nA.t    =  19   .26,  20     80     "                 013^001 

The  agreement  between  the  measured  and  calculated  angles 
is  not  very  close,  but  Xickles'  measurements  cannot  be  very 
exact,  for  if  we  take  ^a25=  39°  22'  and  n^t^  19°  25'  as 
fundamental,  we  find  by  calculation  jp a j^  =  101°  16'  and^Am 
==  57°  55',  which  vary  considerably  from  his  measurements. 
Nickles  crystals  differ  frpm  ours  not  only  in  habit  but  in  hav- 
ing the  one-third  brachydome  n,  013,  which  has  not  been  ob- 
served either  in  the  Til,  prepared  from  alcohol  or  on  any  of 
the  alkali-metal  trihalides  prepared  by  us. 

The  very  close  agreement  between  the  forms  of  rubidium, 
csesiuro  and  thallium  triiodides  is  to  be  seen  from  the  follow- 
ing table  of  axial  ratios : 

Rbl, d\b\  c  =  0-6858:  1  :  1-1234 

C8I3 "    "    "=  0-6824:  1  :  1-1051 

Til "    "    "=0-6828:1:1-1217 


Our  previous  observation,  that  the  exchange  of  one  metal 
for  another  in  the  trihalogen  compounds  usually  has  little  or 
no  effect  apon  the  crystalline  form,  is  strongly  confirmed  by 
these  ratios,  and  the  remarkable  agreement  between  the  ru- 
bidium triiodide  and  the  thallium  compound  is  very  striking 
when  the  great  difference  between  the  atomic  weights  of  the 
two  metals  is  considered. 

It  was  hoped  that  a  pentaiodide  of  thallium  could  be  pre- 
pared in  order  that  its  form  might  be  compared  with  that  of 


466         Wells  and  Penfield — ThaUium  Triiodidej  etc. 

csesium  pentaiodide,  but  by  the  use  of  increasing  proportions 
of  iodine  with  thallium  triiodide  in  alcoholic  solutions  no  evi- 
dence of  the  existence  of  such  a  compound  could  be  obtained. 

The  remarkably  close  relations  of  thallium  to  the  alkali- 
metals  as  far  as  the  thallous  compounds  are  concerned,  and 
the  additional  resemblance  which  has  been  pointed  out  in  the 
present  communication,  have  led  us  to  consider  the  possibility 
that  thallium  has  been  wrongly  placed  in  the  periodic  system 
of  the  elements  and  that  it  really  belongs  to  the  alkali-metals. 
There  are  two  vacancies  in  Mendeleeff's  table  in  the  alkali- 
metal  group  corresponding  to  atomic  weights  of  about  170  and 
220.  One  of  these  is  smaller,  the  other  larger  than  the 
accepted  atomic  weight  of  thallium,  so  that,  as  far  as  these 
numbers  are  concerned  thallium  might  be  composed  of  two 
alkali-metal  elements.  Although  the  probability  that  thallium 
was  composed  of  two  elements  seemed  very  slight  from  other 
considerations,  we  have  deemed  it  desirable  to  test  the  ques- 
tion experimentally. 

About  200  grms.  of  thallium  were  converted  into  the  nitrate 
and  this  was  systematically  fractionated  by  crystallization  until 
about  one-twentieth  of  the  salt  remained  as  a  repeatedly  re- 
crystallized  portion  and  about  another  twentieth  was  contained 
in  a  final  mother-liquor.  From  each  of  these  two  fractions 
thallous  chloride  was  prepared  by  converting  into  sulphate, 
precipitating  impurities  with  hydrogen  sulphide,  and  finally 

?recipitating  thallous  chloride  by  means  of  hydrochloric  acia. 
'he  preparations  were  carefully  washed,  dried  at  100°,  and 
the  chlorine  was  determined  as  silver  chloride  in  order  to  get 
the  atomic  weight  of  the  metal  in  each  fraction.  The  silver 
chloride  was  weighed  in  the  Gooch  crucible,  a  method  which 
can  be  most  highly  recommended  for  accurately  weighing  this 
substance.  The  following  results  were  obtained,  the  weights 
being  given  as  taken  in  air. 

Crystallized  End.  Soluble  End. 

TlCl  taken 3-9146  g.  3-3415  g. 

AgCl  obtained 2*3393  1*9968 

Atomic  weight  of  Tl,  (0  =  16),     204*5  204-5 

It  was  not  expected  that  absolute  accuracy  in  the  atomic 
weight  of  thallium  would  be  attained,  but  since  the  same 
method  of  purification  and  analysis  was  used  in.  both  cases  the 
two  results  are  comparable  with  each  other,  and  their  exact 
agreement  shows  that  the  fractionation  of  the  nitrate  gives  no 
change  in  the  atomic  weight  of  thallium,  and  no  evidence  has 
been  obtained  that  thallium  is  not  homogeneous. 

Shefl&eld  Scientific  School,  New  Haven,  Conn.,  January,  1894. 
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Art.  LIX.  —  Notes  on  the  Gold  Ores  of  California;    by 

H.  W.  Turner. 

As  is  well  known  gold  occurs  chiefly  in  quartz  veins  and 
these  in  California  have  been. found  to  be  largest  and  richest 
in  the  slate  series  of  the  Sierra  Nevada,  but  gold  occurs  in  a 
great  variety  of  rocks  and  associated  with  very  different  min- 
erals. 

The  occurrences  will  be  grouped  geologically. 
Veins  in  the  auriferous  slate  series, — Most  of  the  richest 
gold  mines  of  California  occur  in  the  auriferous  slates,  and  in 
the  associated  greenstone  slates  which  are,  to  a  considerable 
extent,  metamorphic  forms  of  diabases  and  porphyrites.  The 
richest  single  belt  of  mines  is  that  along  the  Mother  lode, 
which  consists  of  a  series  of  quartz  veins  chiefly  in  a  belt  of 
clay  slates  of  Jurassic  age,  which  are  designated  on  the  maps 
of  the  United  States  Geological  Survey  as  the  '^  Mariposa 
dates."  The  quartz  veins  are  not,  however,  entirely  in  these 
clay  slates.  In  the  southern  part  of  Calaveras  county  and  in 
part  of  Tuolumne  county,  the  lode  lies  to  the  east  of  this  clay 
slate  belt,  chiefly  in  amphibolite-schists.  At  many  points,  as 
at  Carson  hill  in  Calaveras  county  and  at  Quartz  mountain  in 
Tuolumne  county,  the  quartz  masses  are  very  large.  At  other 
points  the  quartz  occurs  in  little  veins  and  stringers,  through  a 
mineralized  zone  of  the  black  slate,  which  then  forms  part  of 
the  vein.  In  some  such  occurrences  the  iron  sulphurets  con- 
taining gold  are  found  both  in  the  slate  and  in  the  quartz,  and 
all  the  material  is  treated  as  ore. 

Accompanying  the  Mother  lode  quartz  veins  at  many  points 
is  a  green  micaceous  mineral,  containing  chromiu;n  and  called 
mariposite  by  Silliman,*  who  states  that  so  far  as  he  observed, 
this  mineral  accompanied  the  quartz  veins  only  in  the  neigh- 
borhood of  magnesian  and  chloritic  rocks. 

Prof.  Silliman  also  states  that  the  white  magnesian  mineral 
associated  with  the  mariposite  is  ankerite.  Other  minerals 
found  by  the  same  author  along  the  Mother  lode  are  ordinary 
iron  and  copper  sulphides,  antimonial  copper  sulphides,  anti- 
monial  lead  sulphides,  and  various  tellurides.  Prof.  Silliman 
also  identified  somewhat  doubtfully  tetrahedrite  or  gray  copper 
ore  at  the  Rawhide  mine  in  Tuolumne  county. 

Prof.  F.  A.  Genthf  states  that  petzite,  telluride  of  gold 
and  silver ;  calaverite,  telluride  of  gold  ;  altaite,  telluride  of 
lead ;  and  melonite,  telluride  of  nickel,  occur  at  various  mines 
of  the  Mother  lode  in  the  area  of  the  Stanislaus  drainasre. 


•o 


*Proc.  Gala.  Acad.  Sci.,  vol.  iii,  p.  381. 
f  This  Journal,  vol.  xlv,  II,  p.  321. 
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Prof.  W.  P.  Blake*  states  that  blende  and  tetrahedrite  are 
found  at  Carson  hill,  and  in  the  Pine  Tree  mine  in  Mariposa 
county.     The  latter  mine  directly  adjoins  the  Josephine. 

Associated  with  Mariposite  at  the  Josephine  mine  in  Mari- 
posa county,  and  at  Quartz  mountain  in  Tuolumne  county,  is 
a  white  mineral  which  at  some  points  appe^^rs  to  form  veins  in 
the  mariposite.  This  is  probably  the  mineral  called  ankerite 
by  Silliman.  An  examination  of  this  material  by  Dr.  Hille- 
brand  shows  that  it  is  ordinary  dolomite  mixed  with  quartz 
and  not  ankerite.  In  the  Josephine  mine  erythrite,  a  hydrous 
arsenate  of  cobalt,  forms  on  surfaces  and  in  seams  of  the  rock 
adjoining  the  vein. 

In  addition  to  the  ordinary  iron  sulphurets,  the  writer  has 
observed  in  the  Mother  lode  ores  in  Amador  county,  galena, 
blende,  and  arsenical  sulphurets  in  small  amounts.  As  a  gen- 
eral rule  the  ore  of  the  large  mines  of  the  Mother  lode  show 
no  free  gold  and  only  iron  sulphurets.  Specimens  showing 
free  gold  and  other  than  iron  sulphides  are  not  abundant.  All 
of  the  Mother  lode  ore  would  be  called  free  milling. 

In  the  Paleozoic  schists  to  the  east  of  the  Mother  lode  there 
are  numerous  gold  veins  which  have  been  worked  with  vary- 
ing success.  One  of  the  most  profitable  of  this  group  of 
mines  is  the  Sheep  ranch  mine  of  Calaveras  county.  The 
country  rock  of  this  mine  is  a  mica-schist.  The  mines  about 
Summersville  in  Tuolumne  county  are  also  in  mica-schist.  In 
these  mines  likewise  the  sulphurets  do  not  exist  as  a  rule  in 
large  amount  and  the  ores  may  be  classed  as  free  milling.  One 
of  the  most  interesting  of  the  mines  of  this  group  is  the 
Blue  Wing  vein  of  the  Willard  Mining  Company,  north  of 
Murphy's,  Calaveras  county.  Here  in  limestone  is  a  quartz 
vein  which  in  places  is  accompanied  by  brown  vein  jasper.  In 
the  Blue  Wing  vein  are  found  the  sulphides  of  mercury  and 
antimony  and  lead.  Birdseye  porphyry,  in  this  case  probably 
an  altered  diorite,  cuts  the  limestone  in  dikes.  In  the  highly 
altered  slates  and  eruptive  rocks  to  the  west  of  Blue  mountain 
in  Calaveras  county  are  a  group  of  mines,  the  ores  of  which 
are  very  basic.  Sulphides  containing  lead,  silver,  zinc,  arsenic 
and  iron  are  found  in  the  ore.  At  the  Bonanza  mine  at  So- 
nora  in  Tuolumne  county  the  ore  occurs  in  pockets  along  a 
diorite  dike  in  the  slates.  Large  masses  of  free  gold  with  tel- 
lurides  occur  here  and  iron  and  copper  sulphides. 

At  the  Ilex  mine  in  Calaveras  county  in  Paleozoic  mica- 
chlorite  schist  there  is  a  large  quartz  vein  having  a  course  N. 
80°  E.  Tetrahedrite  and  sulphides  of  lead,  zinc  and  copper, 
as  well  as  free  gold,  are  found  sparingly  in  the  ore. 

*  California  MiDerals,  Sacrameoto,  1866. 
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Forming  the  crest  of  the  Sierra  Nevada  to  the  east  of  Yo- 
semite  valley  is  a  belt  of  schists  of  unknown  age.  Mt.  Dana 
and  Mt  Lyell  are  culminating  points  of  this  area  of  schists, 
which  extends  at  least  twelve  miles  northwest  of  Mt.  Dana  and 
judging  from  the  reports  of  the  State  Mineralogist  at  least  as 
far  south  as  the  Minarets.  This  schist  belt  contains  deposits 
of  base  ores  at  numerous  points.  Specimens  obtained  by  the 
writer  from  the  Tioga  district  to  the  northwest  of  Mt.  Dana, 
and  from  Mono  pass,  show  that  the  bulk  of  the  ores  are  very 
rich  in  sulphides  and  would  probably  be  difficult  of  reduction. 
These  ores  contain  gold  and  silver,  cobaltite,  and  sulphides  of 
antimony,  lead,  zinc,  copper  and  iron.  One  specimen  of  quartz 
from  the  Tioga  mine  shows  a  notable  quantity  of  pyirhotite. 

The  report  of  Mr.  E.  B.  Preston*  on  the  silver  ores  of  the 
Minarets  mining  district  indicate  that  the  ores  are  very  similar 
to  those  above  described. 

At  Mineral  King,  about  fifteen  miles  southwest  of  Mount 
Whitney  is  a  body  of  Triassic  schists  enclosed  in  the  granite, 
and  containing  some  gold  quartz  veins.  At  the  upper  work- 
ings of  the  Empire  mine  there  is  a  small  quartz  vein  in  crys- 
talline limestone. 

Blende  and  galena  occur  in  the  limestone  and  blende  in  the 
quartz.  The  mines  at  Mineral  King  have  not  proved  profit- 
able, but  the  district  about  Tioga  and  Lundy  is  a  promising 
one. 

Veins  In  the  Granite, — The  greater  portion  of  the  higher 
part  of  the  Sierra  Nevada  and  nearly  the  entire  mass  of  it  to 
the  south  of  Mariposa  county  is  composed  of  granite.  In 
this  large  granite  area  very  few  auriferous  quartz  veins  have 
been  found.  In  many  of  the  smaller  areas,  however,  entirely 
or  partly  enclosed  in  the  auriferous  slate  series,  there  are^ 
numerous  veins  frequently  containing  abundant  gold.  Two  ofr 
these  enclosed  granite  areas  have  been  extensively  exploited, 
that  about  West  Point  in  Calaveras  county  and  about  Soulsby- 
ville  in  Tuolumne  county. 

In  a  general  way  the  ores  of  the  granite  districts  are  very 
base,  and  need  chlorination  to  obtain  the  gold,  but  this  rule  is 
by  no  means  universal. 

The  ores  of  the  mines  of  the  Soulsby  ville  district  in  many 
cases  contain  a  galena-like  mineral  which  gives  blowpipe  re- 
actions for  lead  and  antimony.  Copper  and  iron  sulphurets, 
magnetic  iron  pyrite  or  pyrrhotite,  and  blende  are  abundant. 
The  vein  of  the  Black  Oak  quartz  mine  is  accompanied  by  a 
dark,  fine  grained  slaty  rock  called  "  slate "  by  the  miners. 
This  in  thin  section  is  seen  to  contain  a  large  amount  of 
fibrous  green  hornblende  in  ragged  prisms  lying  at  all  angles, 

*  nth  Ann.  Rep.  State  Mineralogist  of  California,  p.  222. 
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and  in  radiating  tnfts,  and  is  presumably  an  altered  dike  rock, 
perhaps  a  fine  grained  diorite.  There  is  also  a  fine  grained 
dike  %  rock  next  to  the  vein  of  the  Piatt  and  Gilsen  mine, 
which  contains  a  good  deal  of  a  brownish  mica,  specks  of  iron 
disulphide  and  chlorite  in  minute  veins.  This  rock  is  also 
called  "slate"  by  the  miners.  The  ore  of  the  Hyde  mine 
which  is  also  in  granite  in  the  Soulsby ville  district,  is  free  mill- 
ing. It  contains  the  same  sulphurets  as  the  other  mines  above 
mentioned  but  in  smaller  amount. 

In  the  West  Point  mining  district,  the  ore  contains  abund- 
antly ordinary  iron  and  copper  sulphides  and  magnetic  iron 
pyrite  or  pyrrhotite.  Cutting  the  vein  of  the  Lockwood  mine 
are  dikes  of  a  fine  grained  diorite  of  the  camptonite  series. 
The  vein  was  said  to  have  been  richer  where  cut  by  these 
dikes. 

To  the  north  of  Merrimac  in  Butte  County,  similar  dikes 
accompany  some  of  the  gold  quartz  veins  in  the  granite. 

Gold  in  alhite, — As  is  well  known  free  gold  usually  occurs 
associated  with  quartz  as  a  gangue.  Instances  are  on  record, 
however,  of  its  occurrence  in  various  materials,  as  talc,  calcite, 
etc.  Recently  a  series  of  specimens  was  sent  to  the  writer  by 
Mr.  Leo  Von  Rosenberg  of  New  York  city,  from  the  Shaw 
mine  in  Eldorado  county,  about  four  miles  southwest  of 
Placerville.  This  deposit  occurs  in  clay  slates  associated  with 
a  dike  or  dikes  of  a  feldspathic  rock,  which  appears  to  be 
devoid  of  bisilicates.  Judging  from  the  specimens  forwarded, 
the  dike  rock  is  more  or  less  decomposed,  and  is  at  some  points 
replaced  by  secondary  white  feldspar,  which  at  other  points 
cuts  the  dike  rock  in  little  seams.  This  feldspar  is  well  crys- 
tallized, and  with  the  aid  of  a  lens  striations  may  be  noted  on 
the  crystals.  In  thin  section  these  feldspars  are  seen  to  be 
twinned  polysynthetically  with  extinctions  proper  to  albite, 
and  a  partial  chemical  analysis  by  Dr.  Hillebrand  of  the  U.  S. 
Geological  Survey  shows  that  it  contains  soda,  no  lime,  and 
about  19  per  cent  of  alumina.  It  is  therefore  albite.  In  two 
specimens  of  this  crystallized  albite  there  is  free  gold.  Another 
interesting  specimen  is  of  a  dark  fine  grained  rock  which 
appears  to  be  an  aphanitic  form  of  the  dike-rock  in  a  seam  of 
which  free  gold  with  a  little  calcite  has  been  deposited. 

The  following  is  a  partial  analysis  by  Ggorge^Slifiigfir  of  the 
feldspar  of  the  grayish-green  dike  roctforming  part  of  the 
Shaw  mine  lode. 

(No.  452  Sierra  Nevada  collection.) 

Alumina about  20*00 

Lime -49 

Potassa 1*16 

Soda 8-72 
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This  would  indicate  that  the  feldspar  of  the  dike  rock  is 
also  albite  although  not  so  pure  as  the  secondary  albite  that 
occurs  in  veins  cutting  the  dike  rock. 

The  feldspathic  lode  of  the  Shaw  mine  is  cut  by  little  veins 
of  quartz,  but  judging  from  the  specimens  sent  these  are  not 
very  abundant,  and  do  not  seem  to  be  connected  with  the  depo- 
sition of  the  gold. 

The  quartz  veins  cut  the  veins  of  secondary  albite  showing  that 
they  were  formed  later  than  the  albite.  In  one  specimen  there 
seemed  to  be  an  intermingling  of  quartz  and  albite,  pointing 
to  contemporaneous  deposition.  But  in  thin  section,  the  idio- 
morphic  albite  crystals  were  plainly  seen  to  be  enclosed  in  the 
quartz,  as  if  there  had  been  a  little  fissure,  the  walls  of  which 
were  coated  with  albite  crystals  and  the  open  spaces  in  the 
middle  between  the  albite  crystals  later  filled  in  with  quartz. 
All  of  the  material  of  the  lode,  except  perhaps  the  quartz, 
contains  iron  disulphide  scattered  through  it  in  minute  cubes, 
and  calcite  in  little  rhombs  and  particles. 

Orofino  gold  mine. — One  and  a  half  miles  northeast  of 
Mount  Aigare  in  Eldorado  county  on  the  west  side  of  Big 
Oafion  creek  is  a  dike  of  rock  about  1500  feet  long  with  a 
nearly  north  and  south  strike  but  curving  to  the  southwest  at 
the  south  end.  This  dike  is  much  broken  up,  and  re-cemented 
into  a  breccia.  One  of  the  specimens  of  the  dike  collected 
there  by  the  writer  in  1889  is  a  quartzdiorite,  containing 
specks  of  iron  disulphide  and  calcite  ;  another  specimen  which 
seemed  to  grade  over  into  the  diorite  is  composed  of  a  plagio- 
clase  feldspar  probably  albite,  calcite,  and  grains  of  iron  disul- 
phide, and  strongly  resembles  in  thin  section  the  vein  material 
of  the  Shaw  mine.  This  last  specimen  has  a  brecciated  struc- 
ture. It  is  auriferous  and  is  the  ore  of  the  mine  known  as  the 
Orofino  gold  mine.  The  country  rock  of  the  mine  is  clay 
slate,  the  same  belt  as  at  the  Shaw  mine,  and  is  probably  Car- 
boniferous in  age. 

The  gold  deposits  of  both  the  Shaw  and  the  Orofino  mines 
are  of  such  an  unusual  nature  as  to  deserve  further  investiga- 
tion. 

Petr^s  River  mine. — One  mile  northwest  of  the  town  of 
Mokelumne  Hill  in  Calveras  county  on  the  north  bank  of  the 
Mokelumne  river  is  a  quartz  mine,  owned  by  Mr.  K.  W. 
Petre.  There  are  here  two  quartz  veins  which  have  a  north- 
westerly strike  and  dip  southwesterly  about  80°.  The  veins 
are  very  irregular  in  width  opening  out  into  lens-shaped  bodies, 
and  quickly  pinching  out  again.  Mr.  Petre  stated  that  one 
of  these  lenses  contained  $10,000  in  gold,  but  that  most  of  the 
quartz  was  of  low  grade.  The  country  rock  of  the  mine  is  a 
quartz-diorite.     Some  granite  schistose  material  occurs  along 
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the  main  veins.  A  microscopic  examination  of  this  shows 
that  it  is  practically  a  chlorite«schist.  It  is  composed  of  a 
schistose  aggregate  of  minute  grains  of  feldspar,  with  mnch 
chlorite,  and  calcite.  This  schist  is  doubtless  an  attrition 
product,  formed  by  movement  along  the  walls  of  the  vein. 
In  one  part  of  the  vein  there  is  a  good  deal  of  a  hard  white 
materia],  which  the  microscope  shows  to  be  largely  feldspar, 
presumably  albite.  The  feldspar  occurs  in  unstriated  inter- 
locking grains  with  occasional  twinned  prisms.  There  is  a 
good  deal  of  calcite,  pyrite,  and  muscovite,  and  foils  of 
a  green  chloritic  mineral.  In  the  quartz-diorite  country  rock 
near  the  vein  are  a  number  of  rounded  bodies  of  calcite,  some 
three  feet  in  diameter.  This  calcite  was  doubtless  deposited 
in  pre- existing  cavities. 

Gold  with  harite, — Mr.  W.  Lindgren*  has  described  an  in- 
teresting deposit  at  Pine  Hill,  Cala.  In  a  zone  of  decomposed 
and  kaolinized  diabase  are  irregular  veins  or  seams  of  barite 
with  which  gold  is  associated.  Other  similar  associations  are 
noted. 

Mr.  WJrt  Tassin  of  the  U.  S.  National  Museum  kindly  called 
my  attention  to  a  paper  by  Henry  Louisf  on  the  mode  of 
occurrence  of  gold.  Mr.  Louis  gives  a  list  of  77  species  of 
minerals,  some  of  which  however  are  formed  from  the  decom- 
position of  previously  existing  minerals  that  are  found  in  gold 
veins.  Only  one  feldspar  is  noted,  orthoclase  from  Colorado. 
The  exact  locality  is  not  given.  The  author  further  says  that 
while  iron  pyrite  is  an  almost  universal  constituent  of  gold 
quartz  veins,  marcasite  seems  never  to  occur;  and  in  conclusion 
suggests  that  the  gold  and  quartz  have  been  simultaneously  de- 
posited in  veins  from  alkaline  solutions. 

Gold  in  calcite. — The  Yellowstone  mine  at  Bear  valley, 
Mariposa  county,  is  in  diabase.  The  course  of  the  vein  is 
about  W.  20°  S.  Tlie  ore  occurs  in  the  altered  diabase  broken 
up  along  the  vein  and  re-cemented  with  quartz  and  calcite.  A 
specimen  of  the  ore  presented  by  the  superintendent,  Mr. 
McDonald,  to  the  National  Museum  shows  spots  of  free  gold 
at  numerous  points  associated  with  white  quartz  and  calcite. 
According  to  Mr.  Hall,  the  former  owner,  in  the  upper  work- 
ings a  good  deal  of  the  gold  occurred  in  calcita 

In  the  collection  of  the  U.  S.  National  Museum  there  is  a 
specimen  of  calcite  in  which  are  threads  of  native  gold.  This 
was  collected  bv  Dr.  W.  H.  Melville  from  the  Bannock  mine, 
Montana. 

Gold  with  qxiartz  in  rhyolite. — One  mile  east  of  Onion 
valley  in  Plumas  county,  California,  is  a  dike  of  rhyolite  in 

*  This  Journal,  voL  xliv.  1892,  pp.  92-96. 

t  Mineralogical  Magazine,  vol.  x,  1893,  pp.  241-247. 
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the  auriferous  slate  series  at  the  headwaters  of  Poorman  creek, 
in  a  decomposed  portion  of  which  free  gold  occurs  associated 
with  little  veins  of  quartz.  As  the  gulch  was  very  rich  below 
this  dike,  it  is  possible  that  much  of  it  came  from  the  rhyolite. 
The  occurrence  is  remarkable  inasmuch  as  the  rhyolite  is  prob- 
ably of  Tertiary  age.  This  rhyolite  is  a  white  rock  with" 
abundant  foils  of  i.  brown  mica,  and  phenocrysts  of  sanadine 
and  plagioclase  with  a  few  rounded  quartzes  in  a  microcrystal- 
line  groundmass. 

Gold  with  cinnabar. — Besides  the  Blue  Wing  vein  locality 
previously  noted,  gold  occurs  with  cinnabar  in  a  vein  in  diabase 
near  Coulterville.  The  cinnabar  is  in  large  fine  crystals.  The 
mine  is  the  property  of  C.  L.  Mast  and  is  the  one  referred  to 
by  Becker.* 

Free  gold  is  found  with  cinnabar  in  the  Manzanita  mine  in 
Colusa  county  in  the  Coast  ranges  in  metamorphosed  strata 
containing  AuceUapiochi  G^dihh^  a  fossil  characteristic  of  the 
lowest  Cretaceous. 


Art.  LX. — A  recent  analysis  of  Pele^s  Hair  and  a  Stalag- 
mite from  the  lava  Caves  of  Kilaiiea  /  by  A.  H.  Phillips. 

The  Pele's  Hair  was  collected  the  past  summer  by  Prof. 
Libbey  during  his  recent  trip  to  Hawaii.  In  both  cases  the 
finely  powdered  substance  was  dried  at  100°  C.  On  subse- 
quently igniting  the  stalagmite  became  reddish  and  increased 
in  weight  due  in  all  probability  to  the  oxidation  of  the  ferrous 
iron  present. 

SiOa    AlaOs  FeaOa    FeO  MnO  PaOo  CaO    MgO  MaaO    KaO    Total. 

Peles' Hair,  50-76  U-75    2'89      9  85     41      26     11*05     6-54     270    -88     10009 
Stalagmite,   51-77  15-66    8-46      6-54    -82      ..       9-66     4*95     2*17     '96     100-89 

The  above  analysis  of  Pele's  Hair  does  not  differ  in  any 
essential  respect  from  that  of  Prof.  O.  D.  Allen's, f  but  there  is 
quite  a  large  difference,  both  in  the  amount  of  alumina  and 
potassa  when  compared  to  that  of  D.  E.  Cohens.J  In  the  lat- 
ter the  alumina  is  only  9*14  per  cent  while  the  potassa  is  3*06 
per  cent.  These  variations  may  be  explained  by  the  fact 
that,  the  fused  lava  charge  of  Kilauea  is  drawn  off  every  few 
Vekrs  by  some  subterranean  channel  and  is  again  slowly  refilled 
by  a  new  supply. 

The  stalagmite  is  of  the  kind,  so  characteristic  of  the  lava 
caverns  of  Kilauea  and  Mount  Loa  ;  while  it  has  not  been  pos- 

*  Quicksilver  Deposits,  p.  383.  f  This  Journal,  1879,  HI,  xviii,  p.  134. 

X  Quoted  in  Characteristics  of  Volcanoes,  Dana,  p.  348. 
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Bible  to  find  an  analysis  of  a  stalagmite  with  which  to  compare 
it,  but  in  comparison  with  that  of  Pele's  Hair,  their  similarity 
is  very  striking,  differing  from  it  not  as  much  as  do  the  several 
analyses  of  Pele's  Hair  do  from  each  other.  With  the  one 
exception,  the  iron  in  the  stalagmite  has  been  further  oxidized, 
but  even  here  the  FeO  exists  in  larger  proportions  as  com- 
pared to  the  FCgO,  than  it  does  in  magnetite  and  could  still 
undergo  oxidation  to  a  considerable  extent  before  it  would 
exist  or  could  be  represented  by  the  formula  Fe,©^.  Both 
from  the  physical  character  and  chemical  composition  of  these 
stalagmites,  it  seems  impossible  to  think  of  them  as  being 
formed  from  solution  alone.  Some  other  cause  must  be  sought 
for  as  the  chief  factor  in  their  formation.  They  are  almost 
without  exception,  both  stalactites  and  stalagmites,  porous  and 
vesicular  though  being  quite  solid  on  the  surface,  while  the 
stalactites  are  of  nearly  the  same  diameter  throughout  their 
entire  length,  which  in  some  cases  may  reach  thirty  inches. 
Two  characters  very  hard  to  find  if  at  all  in  a  stalactite  known 
to  be  formed  from  solution  without  doabt. 

The  stalagmites  in  particular  are  suggestive  of  fused  drops, 
which  falling  one  on  the  other  are  at  the  time  suflSciently 
plastic  to  be  quite  firmly  welded  together  and  congealed  in  a 
slightly  drooping  position,  while  gases  liberated  internally  and 
being  held  there  by  the  more  viscous  external  portions  of  the 
drop,  would  form  vesicles.  Then  too  the  condition  of  iron 
oxides  point  to  some  other  mode  of  formation  than  that  of 
pure  solution,  for  certainly  a  solution  of  ferrous  iron  flowing 
m  a  thin  film  down  the  sides  of  a  stalactite,  then  dropping 
from  its  point  to  the  stalagmite  would  be  oxidized  to  a  far 
greater  extent  than  this  analysis  shows.  Unless  surrounded 
by  an  atmosphere  strongly  reducing  in  character  it  would  pass 
to  ferric  iron.  True  the  analysis  by  J.  C.  Jackson  given  by 
Brigham  contains  no  ferrous  iron,  but  then  this  was  of  a  solid 
stalactite,  which  may  have  been  one  of  solution. 

Again  any  solvent  must  show  some  selective  character  in  the 
substances  it  dissolves,  but  here  all  constituents  are  carried 
down  to  the  stalagmite  in  the  same  proportion  as  they  exist  at 
least  in  Pele's  Hair.  I  hope  soon  to  be  able  to  draw  a  closer 
comparison  by  making,  as  soon  as  the  material  can  be  obtained, 
an  analysis  of  a  stalactite  and  the  lava  above  it  from  which  it 
is  supposed  to  have  originated  by  solution.  In  all  probability 
they  will  show  no  marked  differences  but  everything  will  be 
found  in  the  same  proportions  in  the  stalactite  as  in  the  lava. 
What  the  principal  factor  in  the  production  of  their  peculiar 
formation  is  ;  if  they  are  not  formed  while  still  in  a  fused  or 
plastic  condition.     It  certainly  is  other  than  by  solution  alone. 

John  0.  Green  School  of  Science,  Princeton,  N.  J.,  Mar.  19th,  1894. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  theJifasa  of  a  Liter  of  Normal  Air. — The  mass  of  oxy- 
gen in  the  air  at  Sorbonne  has  been  found  by  Leduc  to  vary 
irom  23*14  to  23*20  per  cent ;  and  since  this  difference  corre- 
sponds to*  a  tenth  of  a  milligram  in  the  mass  of  a  liter  of  air,  he 
regards  it  as  useless  to  attempt  any  higher  degree  of  accuracy  in 
such  determinations  without  at  the  same  time  determining  the 
composition  of  the  air  examined.  He  finds  that  the  mass  of  a 
liter  of  the  average  air  at  Paris,  at  0°  and  760™°^  is  1*29315  gram. 
Defining  normal  air  to  be  air  collected  on  a  plain  in  calm  weather 
at  a  distance  from  a  town,  which  contains  a  little  more  than  23*2 
per  cent  of  oxygen  by  mass  or  almost  precisely  21*0  per  cent  by 
volume,  the  author  finds  that  the  mass  of  a  liter  of  such  air  at  0** 
and  750""  is  1*2932  grams;  and  at  0°  and  under  one  c.  g.  s.  atmo- 
sphere, 1*2758  grams.  In  estimating  the  densities  of  gases,  he 
prefers  to  take  nitrogen  as  the  standard  because,  not  only  is  it 
readily  procurable  in  a  state  of  purity  but  it  has  a  density  so 
nearly  that  of  air  that  no  appreciable  error  is  caused  by  the 
presence  of  a  small  quantity  of  air  in  the  apparatus.  The  mass 
of  a  liter  of  nitrogen  at  Paris  under  normal  conditions  is  1*2570 
grams;  its  mass  under  a  pressure  of  one  c.  g.  s.  being  1*24006 
grams. —  C.  -R.,  cxvii,  1072,  December  1893.  g.  f.  b. 

2.  On  the  Preparation  of  Nitrogen  monoxide. — It  has  been 
observed  by  W.  Smith  that  a  mixture  of  ammonium  sulphate 
and  sodium  nitrate,  kept  at  215°  for  two  or  three  hours,  decom- 
poses for  the  most  part  into  sodium  sulphate  and  ammonium 
nitrate ;  and  further  that  if  the  mixture  be  more  strongly  heated, 
nitrogen  monoxide  begins  to  be  evolved  at  230°  and  comes  off 
quite  rapidly  at  240°  to  250°.  A  little  ammonia  is  evolved  how- 
ever during  the  heating,  the  more  ammonia  being  lost  the  longer 
the  mixture  is  kept  between  220®  and  230°.  Consequently  if  at 
the  outset  the  mixture  has  been  made  in  molecular  proportions, 
this  evolution  of  ammonia  leads  to  the  setting  free  of  some  of  the 
higher  nitrogen  oxides  towards  the  end  of  the  reaction.  To 
remedy  this  the  author  increases  the  proportion  of  ammonium 
sulphate;  and  now  the  mixture  having  5  per  cent  additional 
sulphate,  yields  a  larger  quantity  of  nitrogen  monoxide  than 
is  obtained  ordinarily  from  the  equivalent  quantity  of  ammonium 
nitrate.  The  evolution  of  gas  goes  on  more  regularly  than  with 
ammonium  nitrate  itself  which  at  240°  is  liable  to  decompose 
with  almost  explosive  violence.— e7^  Soc.  Ghem.  Ind.^  xii,  10, 
January  1893.  g.  f.  b. 

3.  On  the  Conversion  of  Yellow  Phosphorus  into  the  Red 
variety. — When  yellow  phosphorus  is  crystallized  from  the  ordi- 
nary organic  solvents  of  this  substance,  best  by  cooling  a  hot 
solution  of  it,  it   is    generally   conceded   that  the  crystals   are 

Am.  Joue.  Sol— Third  Seeibs,  Vol.  XLVII,  No.  282.— June,  1894. 
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dodecahedrons.  Retgebs  however  has  experimented  with  essen- 
tial oils  used  as  solvents  and  has  not  been  able  to  confirm  the 
production  of  dodecahedrons  under  these  circnntstances.  Indeed 
It  would  appear  that  under  certain  conditions  the  yellow  variety 
of  phosphorus  is  amorphous ;  as  when  it  is  obtained  in  a  thin 
layer  between  two  slips  of  glass.  With  reference  to  the  action 
of  heat  on  this  substance,  the  author  observes  that  when  heated 
phosphorus  passes  through  three  stages  of  change.  In  the  first 
it  becomes  yellow  to  brown,  though  still  remaining  regular  and 
transparent.  In  the  second  a  granular,  undoubtedly  crystalline 
segregation  occurs,  red  opake  phosphorus  being  formed.  And  in 
the  third  there  is  produced  a  graphitic  chocolate-colored  phos- 
phorus. The  first  production  of  a  true  modification  occurs  at  the 
second  stage.  Light  was  observed  to  produce  a  similar  series  of 
changes,  these  changes  not  being  confined  to  the  surface.  The 
character  of  the  white  crust  which  forms  on  phosphorus  when 
submerged  in  water,  the  author  has  not  finally  determined  though 
he  considers  it  a  hydrate  rather  than  a  different  modification. 
Since  the  properties  of  an  amorphous  modification  so  far  as 
known,  are  never  intermediate  between  those  of  two  crystalline 
modifications,  this  rule  would  be  violated  if  red  phosphorus  were 
amorphous;  for  the  density  of  red  phosphorus  is  2*148  and  that 
of  yellow  phosphorus  is  1  '826 ;  while  that  of  the  chocolate-col- 
ored hexagonal  variety  is  2*34. — Zeit,  Anorg.  Ghem.y  v,  211^ 
October  1 893.  g.  f.  b. 

4.  On  the  behavior  of  Carbon^  Boron  and  Silicon  in  the 
JElectric  Furnace, — In  continuing  his  experiments  with  the  elec- 
tric furnace  Moissan  has  now  subjected  carbon,  boron  and  sili- 
con to  the  action  of  the  electric  arc.  At  a  somewhat  high 
temperature,  the  diamond  under  those  circumstances  becomes 
incandescent  and  swells  up  without  melting,  covering  itself  with 
black  particles  entirely  consisting  of  hexagonal  plates  of  graphite 
easily  convertible  into  graphitic  oxide.  When  placed  in  a  small 
carbon  crucible  and  acted  on  by  an  arc  produced  by  70  volts  and 
400  amperes,  the  diamond  first  breaks  up  into  fragments  along 
the  planes  of  cleavage  and  then  swells  up  as  the  temperature  rises 
and  is  completely  converted  into  graphite.  Hence  it  appears 
that  the  stable  form  of  carbon  is  graphite,  even  at  the  tempera- 
ture of  only  a  moderately  intense  electric  arc.  If  heated  in  a 
carbon  enclosing  vessel,  in  a  jet  of  oxygen  and  hydrogen  gases, 
however,  the  diamond  is  sometimes  covered  with  a  black  adher- 
ing mass  which  slowly  dissolves  in  a  mixture  of  nitric  acid  and 
potassium  chlorate  but  which  is  not  graphite.  Amorphous  boron 
volatilizes  without  fusion  in  the  electric  arc,  the  ends  of  the  elec- 
trodes being  converted  into  semi-crystallized  boron  carbide. 
Silicon  thus  treated  melts  and  then  boils,  covering  the  ends  of 
the  carbon  electrodes  with  pale  green  crystals  of  carbon  silicide. 

.  This  carbon  silicide  Moissan  has  studied  more  carefully.  He 
finds  that  when  carbon  is  dissolved  in  fused  silicon  in  a  wind 
furnace,  crystals  of  carbon  silicide  several  millimeters  in  length 
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can  be  obtained ;  showing  that  these  two  elements  combine 
readily  in  a  fused  medium  at  1200°  to  1400°.  This  compound 
can  be  produced  much  more  easily  however  by  heating  a  mix- 
ture of  12  parts  of  carbon  and  28  parts  of  silicon  in  the  electric 
furnace,  the  resulting  product  being  treated  first  with  a  mixture 
of  nitric  and  hydrofluoric  acids  and  then  with  one  of  nitric  acid 
and  potassium  chlorate.  Generally  the  crystals  are  yellow ;  but 
when  the  operation  is  conducted  with  silicon  as  free  as  possible 
from  iron,  in  a  closed  crucible,  the  crystals  are  transparent  and 
sapphire  blue  in  color.  Carbon  silicide  has  the  composition  CSi, 
has  a  density  of  3*12,  and  acts  strongly  on  polarized  light.  The 
crystals  are  very  hard  and  scratch  chrome  steel  and  rubies.  The 
silicide  is  not  affected  by  oxygen  or  by  sulphur  vapor  at  1000°, 
though  chlorine  decomposes  it  at  1200°.  Fused  niter,  or  potas- 
sium chlorate,  boiling  sulphuric,  nitric  or  hydrochloric  acids, 
aqua  regia  and  even  mixtures  of  nitric  and  hydrofluoric  acids  do 
not  attack  it.  It  is  gradually  converted  by  fused  potassium 
hydroxide  into  potassium  carbonate  and  silicate. 

The  latest  form  of  Moissan's  electric  furnace  consists  of  a  rec- 
tangular block  of  Courson  limestone,  containing  a  large  rectangu- 
lar cavity,  lined  with  alternating  plates  of  magnesia  and  carbon 
about  a  centimeter  thick,  the  magnesia  being  in  contact  with  the 
limestone  and  the  carbon  lining  the  interior  of  the  cavity.  A 
lid,  also  of  alternating  plates  of  magnesia  and  carbon  covers  the 
cavity,  a  block  of  the  same  limestone  resting  upon  the  lid.  The 
electrodes,  which  are  both  movable,  pass  through  slots  cut  in 
opposite  sides  of  the  furnace.  A  carbon  tube  one  or  two  centi- 
meters in  diameter  passes  through  the  furnace  at  right  angles  to 
the  electrodes  being  so  arranged  as  to  be  a  centimeter  below  the 
arc  and  the  same  distance  above  the  bottom  of  the  cavity. 
When  this  tube  is  inclined  at  an  angle  of  about  30°,  the  furnace 
may  be  made  to  work  continuously,  the  reducible  material  being 
introduced  at  the  upper  end  and  the  product  of  reduction  being 
drawn  off  at  the  lower.  With  a  current  of  600  amperes  and  60 
volts,  two  kilograms  of  fused  metallic  chromium  can  be  ob- 
tained in  about  an  hour,  the  metals  being  received  in  a  crucible 
made  of  chromic  oxide.  The  metal  is  white  and  very  hard,  is 
finely  granular  and  takes  a  high  polish.  In  this  furnace  both 
silicon  carbide  and  vanadium  carbide  can  be  easily  obtained  by 
directly  combining  the  vapors  of  silicon  and  vanadium  with  the 
vapor  of  carbon.  The  plates  of  magnesia  are  prepared  by  heating 
the  basic  carbonate,  digesting  with  ammonium  carbonate,  again 
strongly  heating  and  then  compressing  into  blocks. —  G,  It,,  cxvii, 
423,  425,  679,  Sept.,  Nov.  1893.  G.  F.  B. 

t5.  On  Crystallized  Silicon  carbide  or  Carborundum, — Experi- 
ments somewhat  analogous  to  those  of  Moissan  have  been  made 
by  MuHLHAusBR.  By  mixing  together  fine  coke,  sand  and  salt, 
packing  the  mixture  round  a  carbon  rod  in  an  oblong  box  of  fire 
brick,  and  connecting  the  ends  of  the  carbon  core  with  the  termi- 
nals of  a  transformer,  the  entire  mass  could  readily  be  raised  to  a 
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white  beat.  After  the  reactkni  had  eeased,  a  tnmsrene  sectioii 
•howed  that  sorroonding  the  carbon  rod,  was  (1)  a  zone  of  adher- 
ing graphite,  (2)  a  zone  of  crystallized  silicon  carbide,  (3)  a  zone 
of  amorphous  silicon  carbide,  (4)  a  zone  containing  poekets  of 
fibrous  material,  (5)  a  zone  of  the  original  mixture  only  slightly 
altered  and,  (6)  a  hard  external  layer  consisting  almost  entirely 
of  salt.  The  graphite  had  all  the  properties  of  the  natural  min- 
eral, but  had  the  crystalline  form  of  the  silicon  carbide ;  indicat- 
ing that  the  latter  is  first  formed  and  then  loses  its  silicon  by 
ToXatilization.  The  outer  portion  of  this  graphite  zone  gave 
33*71  per  cent  of  variously  colored  crystals  containing  30*49  per 
cent  of  silicon  and  68*26  oi  carbon.  The  second  zone  constituted 
the  chief  product  of  the  reaction.  On  breaking  up  the  mass  in  a 
mortar,  the  separate  crystals  were  obtained,  bluish  or  yellowish- 
green  in  color,  and  varying  in  size  from  microscopic  dimensions 
to  several  millimeters  in  diameter.  To  purify  it,  it  was  heated  to 
dull  redness  in  oxygen,  boiled  with  potash  solution,  washed, 
digested  with  hydrochloric  acid  and  finally  treated  with  hydro- 
fluoric acid.  It  then  has  the  composition  SiC,  and  a  density  of 
3*22  at  15°.  Under  the  name  of  carborundum  it  has  come  into 
use  in  the  arts  to  replace  emery. — Zeit,  Anorg.  Chem.^  v,  105, 
October  1893.  g.  f.  b. 

6.  On  Antimony- Blue, — According  to  Sebob,  antimony-blue 
may  be  prepared  by  dissolving  antimony  sulphide  in  concentrated 
hydrochloric  acid,  and,  after  filtering,  adding  to  the  boiling 
liquid  a  concentrated  solution  of  potassium  ferrocyanide  and 
some  potassium  chlorate  or  nitric  acid.  The  precipitate  is  dried 
at  100°.  Another  antimony-blue  may  be  obtained  by  mixing 
antimony  chloride  and  potassium  ferrocyanide  and  adding  a  large 
quantity  of  water.  When  prepared  in  this  way  however,  it  con- 
tains some  basic  antimony  chloride.  A  sample  of  pure  antimony- 
blue  yielded  on  analysis  Fe  30*28,  Sb  2*422,  H,0  5*828,  CI  0*712, 
O  0323,  and  Cy  60*435  per  cent.  Antimony-blue  is  insoluble  in 
cold  hydrochloric,  sulphuric  and  nitric  acids,  and  yields  hydrogen 
cyanide  when  boiled  with  hydrochloric  or  sulphuric  acid.  Warm 
dilute  sodium  and  potassium  hydroxides  attack  it,  and  nitric  acid 
on  heating  converts  it  into  a  grayish-green  compound.  Unlike 
Prussian  blue  it  is  not  soluble  in  a  solution  of  an  oxalate  or  a 
tartrate. —  Chem,  Centr.^  ii,  318,  1893  ;  J,  Chein.  Soc,  Ixvi,  i,  3, 
Jan.  1894.  G.  f.  b. 

1,  On  the  Nitro-metaU, — The  researches  of  Sabatieic  and 
Sexdbrexs  upon  the  nitro-metals  have  been  continued  and  they 
now  report  the  discovery  of  nitro -cobalt,  nitro-nickel  and  nitre- 
iron.  Nitro- cobalt  is  best  prepared  from  cobalt  reduced  at  a  low 
temperature,  by  passing  over  it  nitrogen  peroxide  suitably  diluted 
with  nitrogen.  Black  nitro-cobalt  CO^NO,  is  thus  produced, 
upon  which  water  acts  vigorously,  but  gives  less  nitrogen  dioxide 
than  nitro-copper;  producing  a  solution  of  cobalt  nitrate,  con- 
taining very  little  nitrite.     Heated  in  nitrogen  nitrous  fumes  are 

olved  and  then  decomposition  takes  place  with  almost  explosive 
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yiolen(^e.  It  explodes  when  mixed  with  combastible  matter. 
Nitro-nickel  is  similarly  prepared  and  has  similar  properties. 
Nitro-iron  is  more  difficult  to  prepare,  deflagration  taking  place 
after  the  absorption  of  a  portion  of  the  peroxide. — B'idL  Soc. 
Chim.y  III,  ix,  669,  Sept.  1893.  G.  f.  b. 

8.  On  the  Preparation  of  Ethyl  ether. — It  has  been  pointed 
out  by  Krafft  that  in  the  preparation  of  ether  by  means  of 
sulphuric  acid,  the  acid  is  partly  reduced  to  sulphurous  acid  by 
the  alcohol.  Since  the  aromatic  sulphonic  acids  are  more  stable 
in  presence  of  alcohol,  the  author  proposes  their  use  for  the  con- 
tinuous etherification  of  alcohol.  Using  ethyl  alcohol  and  ben- 
zene-sulphonic  acid  for  example  the  reaction  is:  (1)  PhSO, .  OH 
4-EtOH  =  PhSO  .OEt  +  H,0;  and  (2)  PhSO. OEt  +  EtOH  = 
PhSOg.  OH-hEtgO.  In  practice  the  alcohol  is  dropped  on  the 
benzene-sulphonic  acid  heated  to  140°.  Methyl-propyl  ether  was 
thus  produced  and  boiled  at  36 '6^-3 7 '4°. — Ber,  BerL  Chem,  Ges., 
xxvi,  2829,  Dec,  1893.  a  f.  b. 

9.  Ijine  Spectrum  of  Oxygen. — M.  Eisig  has  taken  up  the  sub- 
ject anew  with  the  aid  of  a  Rowland  concave  grating  and  with 
Rowland's  map  of  the  solar  lines.  An  analysis  of  the  work  of 
Schuster,  Deslandres,  Trowbridge  and  Hutchins,  and  Hartley  and 
Adeney  is  made,  and  the  author  is  forced  to  the  conclusion  that 
there  is  no  positive  evidence  that  oxygen  exists  in  the  sun. — Ann. 
der  Physik  und  ChemiCy  No.  4,  1894,  pp.  747-760.  j.  t. 

10.  LilienthaPs  experiments  07i  flying, — With  the  conviction 
that  the  flight  of  birds  is  an  art  which  must  be  carefully  studied, 
LiLiENTHAL  has  practised  himself  in  taking  advantage  of  the 
remarkable  fact  discovered  by  Langley  and  by  himself  that  with 
certain  angles  of  inclination  of  wings  to  the  direction  of  the 
wind,  not  only  does  the  horizontal  component  of  the  wind  disap- 
pear, but  even  may  become  negative,  that  is  the  fans  which  act 
as  wings  fly  against  the  wind  and  can  be  raised  by  it.  He 
accordingly  selects  a  gentle  incline  free  from  woods  or  other 
obstruction  to  the  free  movement  of  the  wind.  This  incline  was 
usually  not  more  than  10  or  16°  to  the  horizon  and  ran  against 
the  direction  of  the  wind.  After  some  experience  Lilienthal  was 
enabled  to  soar  distances  of  120  to  150  meters  against  the  wind. 
Professor  A.  du  Bois  Reymond  states  that  after  only  four  or  five 
trials  he  was  enabled  to  take  leaps  of  from  15  to  20  meters  long. 
Lilienthal  by  means  of  stronger  winds  has  been  enabled  to  soar 
in  circles  like  those  of  birds  similar  to  the  hawk.  If  this  prac- 
tise of  soaring  is  introduced  as  a  sport,  its  use  and  the  accumu- 
lated experience  of  many  young  athletes,  may  lead  to  our  learn- 
ing the  art  of  flying.  Prof,  du  Bois  Reymond  calls  attention,  in 
this  connection,  to  the  great  skill  that  has  been  acquired  in  the 
art  of  balancing  oneself  on  bicycles  and  similar  machines. — Phys- 
ical Society  of  Berlin,  Dec.  15,  1893.  Ann.  der  Physik  und 
Chemie,  No.  4,  1894,  p.  42.  j.  t. 

11.  Apparatus  for  the  demonstration  of  Amperes  laws. — In 
order  to  avoid  the  disturbances  which  arise  from  the  use  of  mer- 
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eury  cups,  in  the  ordinary  form  of  lecture  apparatus  for  showing 
Ampere's  laws,  Raps  has  devised  a  system  of  two  rolling  metal- 
lic contacts,  by  means  of  which  the  electric  current  can  be  led  to 
and  away  from  the  model.  To  show  the  applicability  of  the 
apparatus  he  instances  this  case.  A  solenoid  of  15°"  diameter, 
40°"  in  length,  with  70  turns  of  aluminum  wire,  with  a  current  of 
6  amperes,  places  itself  in  the  magnetic  meridian. — Physical 
Society  of  Berliriy  Oct.  20,  1893.  Ann,  der  Physik  und  Chemie, 
No.  4,  1 894,  p.  29.  j.  t. 

12.  Magnetisation  of  Iron  by  rapid  Electrical  Oscillations, — 
Klemencic,  at  a  recent  meeting  of  the  Kaiserliche  Akademie  der 
Wissenschaft  ol  Vienna,  read  a  paper  on  this  subject.  The  value 
of  A<,  the  magnetic  permeability  was  determined  by  a  heat 
method.  The  following  are  some  of  the  values  obtained  for  ju : 
Soft  iron  118,  soft  steel. wire  106,  hard  steel  wire  115,  soft 
Bessemer  steel  77,  hard  74,  nickel  27.  These  values  agree  fairly 
well  with  those  of  Rayleigh  and  Bauer  for  very  feeble  magnetis- 
ing forces.  It  appears  that  Bauer  and  Rayleigh's  results  for 
longitudinal  magnetism  also  apply  to  circular  magnetism.  — 
Nature,  April  26,  1894,  p.  607.  j.  t. 

II.    Geology  and  Mineralogy. 

1.  On  the  Straining  of  the  Earth  residting  from  Secular  Cool- 
ing ;  by  Charles  Davison.  Read  before  the  Royal  Society, 
London,  January  10,  1894.  (Abstract.) — If  the  coefficient  of 
dilatation  (e)  and  the  conductivity  {k)  are  constant  for  every 
point  within  the  earth,  and  if  the  temperature  (V)  was  initially 
the  same  throughout,  the  depth  of  the  surface  of  zero-strain  after 
100  million  years  is  2*17  miles,  the  total  volume  of  the  crust 
folded  and  crushed  above  that  surface  is  about  184,500  cubic 
miles,  and  the  mean  thickness  of  the  crushed  rock  spread  over  the 
whole  surface  of  the  earth  is  4*95  ft.  (taking  6=0*0000057),  k= 
400,  V=7000°  F.).  The  smallness  of  these  figures  has  been 
claimed  by  some  geologists  as  a  new  and  strong  argument  against 
the  contraction  theory  of  mountain  evolution. 

In  the  present  paper  the  problem  is  reconsidered  on  the  suppo- 
sition that  the  coefficient  of  dilatation  is  not  constant,  but  in- 
creases with  the  temperature,  the  change  in  the  former  varying 
as  the  corresponding  change  in  the  latter.  It  follows,  from  ex- 
periments made  by  Fizeau,  that,  for  a  rise  of  one  degree  in  tem- 
perature, the  coefficient  of  dilatation  increases  on  an  average  by 
about  1/888.  Adopting  this  value,  and  taking  the  other  constants 
as  above,  it  is  found  that,  after  100  million  years,  the  depth  of 
the  surface  of  zero  strain  is  7*79  miles,  the  total  volume  of  crust- 
folding  about  6,145,000  cubic  miles,  and  the  mean  thickness  of 
the  layer  formed  by  spreading  it  over  the  whole  earth  164*7  ft. 

If  the  conductivity  increases  with  the  temperature,  or  if  the 
material  which  composes  the  earth's  interior  be  such  that  the  con- 
ductivity and  coefficient  of  dilatation  are  greater  in  it  than  in  the 
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surface  rocks^  or  if  initially  the  temperatard  increased  with  the 
depth,  the  figures  given  in  the  preceding  paragraph  must  be  still 
further  increased.  It  follows,  therefore,  that  calculations  as  to 
the  alleged  insufficiency  of  the  contraotion  theory  to  produce 
mountain  ranges  are  at  present  inadmissible. 

2.  Appendages  of  J^ilobites. — As  the  result  of  study  of  some 
specimens  of  Triarthrua  Bechi^  C.  D.  Walcott  has  prepared  a 
note  on  some  appendages  of  the  trilohite  with  a  plate  illus- 
trating the  structures  and  diagrammatic  restorations  of  the  thoracic 
limbs.  Mr.  Walcott  shows  the  antennsB  to  arise  from  the  under 
side  of  the  head  near  the  postero-lateral  angle  of  the  hypostoma. 
He  would  make  classes  of  the  Trilobita  and  Merostomata; 
the  Trilobita  and  Phyllopod  branches  diverging  from  a  common 
Crustacean  base  of  precambrian  time,  the  descendants  of  the 
Phyllopod  branch  being  the  modern  Crustacea,  while  the  Trilo- 
bita became  extinct  at  the  close  of  the  Paleozoic. — Proc,  Biol. 
Soc.^  Washington,  vol.  ix,  pp.  89-97,  PI.  i,  March  30,  1894. 

3.  Geological  Surveys  in  Alabama ;  by  Eugene  A.  Smith  : 
The  Journal  of  Geology,  vol.  ii,  pp.  275-287,  April-May,  1894. — 
A  brief  synopsis  of  the  history  of  the  geological  work  done  in  the 
State  of  Alabama  is  given  m  this  article  by  the  present  State 
Geologist. 

4.  Tertiary  Tipididoe,  with  special  reference  to  those  of  Floris- 
sant^ Colorado ;  by  S.  H.  Scudder  (Proc.  Amer.  Philos.  Soc, 
voL  XXX,  83  pp..  Plates  i-ix. — In  this  memoir,  presented  on  the 
occasion  of  the  celebration  of  the  150th  anniversary  of  the 
foundation  of  the  American  Philosophical  Society,  Dr.  Scudder 
has  figured  and  described  a  series  of  beautifully  perfect  crane- 
flies  (Tipulidae)  from  the  Tertiary  beds  of  Florissant,  Colorado. 
Most  of  the  specimens  show  the  venation  of  the  wings  and  their 
most  delicate  markings,  and  on  some  of  them  the  fragile  legs, 
thin  hairs,  the  antennae  and  even  the  facets  of  the  compound  eyes 
are  preserved. 

Some  of  the  more  important  conclusions  reached  as  a  result  of 
the  study  of  this  interesting  fauna  are  as  follows :  The  general 
facies  of  the  Tipulid  fauna  of  our  western  tertiaries  is  American 
and  agrees  best  with  the  fauna  of  about  the  same  latitude  in 
America ;  all  the  species  are  extinct  and  the  fauna  is  presumably 
of  Oligocene  age ;  no  species  are  identical  with  described  Euro- 
pean Tipulidae ;  eight  out  of  the  fifteen  genera  are  extinct ;  all 
the  existing  genera  (except  one,  Cladura)  in  the  American  ter- 
tiaries are  genera  common  to  the  north  temperate  zone  of  Europe 
and  America,  and  are  either  confined  to  these  regions  or  the  vast 
proportion  of  their  species  are  so  confined,  indicating  a  similar 
climate,  at  least  there  is  no  certain  evidence  of  a  warmer  climate. 

w. 

A  paper  by  the  same  author  on  the  American  Tertiary 
AphidcB^  with  several  beautiful  plates,  is  contained  in  the  forth- 
coming 13th  Ann.  Report  of  the  Director  of  the  United  States 
Geological  Survey. 
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5.  Shawangunk  Mountain. — ^Under  this  title  N..  H.  Dastok 
gives  his  interpretation  of  the  stractnre  and  topography  of  the 
mountain,  the  surface  being  mainly  the  expression  of  plications 
of  the  thick  Shawangunk  grit  overlying  the  soft  shales  of  the 
Hudson  River  epoch,  whose  erosion  has  determined  the  more 
abrupt  eastern  slopes  of  the  mountain  mass. — The  National 
Geographic  Ma^azine^  vol.  vi,  pp.  23-34,  Pis.  1-3,  March,  1894. 

6.  Geological  Section  of  the  Alps, — A.  Rothpletz  has  pub- 
lished a  report  which  will  be  of  much  value  to  geologists  crossing 
the  Alps,  or  wishing;  to  gain  a  vivid  idea  of  their  structare.  In 
"  Ein  geologischer  Querachnitt  durch  die  Oat-Alpen  nebst  anhang 
iiber  der  sog,  Glarner  doppelfalte  (pp.  268,  2  plates  and  115 
figures,  Koch,  Stuttgart,  1894),  a  section  is  run  from  near  Tolz 
across  to  Bassano  nearly  along  the  meridian  of  Munich,  260  kilo- 
meters in  length.  A  topographical  map  of  the  region  is  accom- 
panied by  a  long  colored  profile  section  (over  11  feet  in  length) 
on  a  scale  1  :  75000,  exhibiting  clearly  the  general  structure.  The 
details  of  structure  are  well  elaborated  by  figures  distributed 
throughout  the  text. 

7.  jThe  Arkansas  Coal  Measures, — In  a  paper  on  the  Arkansas 
Coal  Measures  in  their  relations  to  the  Pacific  Carboniferous 
Province,  J.  Perrin  Smith  has  made  an  analysis  of  the  faunas  of 
the  several  divisions  of  the  Arkansas  Coal  Measures  and  has  dis- 
cussed their  relations  to  the  Carboniferous  and  Permian  deposits 
of  the  Pacific  province  of  North  America  and  of  China,  India 
and  Brazil,  explaining  in  an  interesting  way  the  geological  events 
which  account  for  the  correlations  of  the  organisms  of  the  several 
regions. — Journ,  GeoL,  vol.  ii,  pp.  187-204,  Feb.,  March,  1894. 

8.  The  Crinoidea  of  Gotland,  Pt.  I.,  The  Crinoidea  inadu- 
nata  ;  by  F.  A.  Bather,  pp.  182,  Plates  i~x.  Kongl.  Svenska 
Vetenskaps-Akademiens  Handlingar,  vol.  xxv.  No.  2,  Stockholm, 
1893.— This  work  is  not  only  a  thorough  review  of  the  species  of 
Angelin's  "  Iconographia,"  but  after  a  careful  study  of  rich  col- 
lections made  by  Angclin  and  now  in  the  Stockholm  Museum, 
the  author  has  with  exquisite  delicacy  developed  the  minute 
structure  of  the  species  studied,  and  with  the  assistance  of  an 
artist  equally  accurate  with  himself  (Mr.  J.  Liljevall)  has  pro- 
duced a  monograph  thoroughly  up  to  the  needs  of  modern  science. 
Among  the  more  valuable  additions  to  knowledge  are  the  recon- 
struction of  the  genus  Pisocrinus,  determining  its  true  relations 
with  other  Monocyclica;  the  revision  of  the  genera  of  Calceocri- 
nidae  based  upon  a  full  delineation  of  the  skeletal  elements ;  the 
account  of  the  morphology  of  the  genus  Herpetocrinus  {-^Myelo- 
dactylus) ;  the  revision  of  the  Inadunata,  resulting  in  the  abolish- 
ing of  the  suborders  Larviformia  and  Fistulata,  and  the  erection 
of  the  divisions  Monocyclica  and  Dicyclica  separated  according 
to  the  presence  or  absence  of  infrabasals.  The  Dicyclica  are  also 
revised  as  the  result  of  fuller  knowledge  of  their  ventral  and  anal 
structures.  h.  s.  w. 
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9.  Dit  Vorxodt  und  ihre  Entvsickelungsgeachichte ;  by  Ernst 
KoKBNy  pp.  654,  1893. — Professor  Koken  has  produced  an  elabo- 
rate treatise  on  the  development  of  the  earth  and  its  inhabitants, 
beginning  with  a  discussion  of  the  interior  condition  of  the  earth 
and  of  the  crust,  devoting  a  chapter  to  mountain  building, 
another  to  estimates  and  notions  of  time  in  geology,  and  in  the 
remainder  of  the  book  elaborating  step  by  step  the  development 
of  the  formations,  by  deposition,  growth  of  continents  by  earth 
movements,  and  by  surface  shaping  up  to  the  present  condition 
of  the  earth.  Under  each  system  is  added  a  general  review  of 
the  history  of  organisms  for  the  period  discussed  as  faunas  and 
floras,  the  species  being  named  but  not  described,  with  account  ot 
their  distribution  and  relations  to  other  faunas  and  floras  and  to 
those  which  have  preceded  and  succeeded  them.  A  great  amount 
of  information  is  brought  together  about  geology  and  paleontol- 
ogy, carefully  arranged  in  a  systematic  manner,  with  running 
commentary  by  the  author. 

Correction.— In  the  paper  entitled  ^^  Further  Studies  of  the 
Drainage  Features  of  the  Upper  Ohio  Basin  "  in  the  April  num- 
ber of  this  Journal,  a  serious  error  occurs  in  figure  5,  page  ^82, 
which  the  authors  desire  to  correct.  In  the  second  column  of  the 
diagram,  which  represents  interglacial  excavation,  the  unit  of 
filling  was  employed  in  draughting,  instead  of  the  unit  of  excava- 
tion, thus  doubling  the  amount,  since  it  happens  that  the  valley- 
filling  of  late  glacial  gravels  was  just  about  twice  the  volume  of 
the  postglacial  erosion.  The  error  crept  in  during  the  re-drawing 
and  reduction  of  the  diagram  for  the  Journal,  and  escaped  detec- 
tion until  some  time  after  publication.  It  did  not  appear  in  the 
original  diagram  used  at  the  Boston  meeting  of  the  Geological 
Society  of  America,  nor  in  the  computation  of  the  authors.  The 
diagram  is  herewith  reproduced  in  the  corrected  form. 
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III.    Miscellaneous  Scientific  Intelligence. 

1.  Watson  Gold  Medal  of  the  National  Academy  of  Sciences. 
— This  medal,  which  was  awarded  1888,  April  19,  to  Dr.  Edward 
Sch6enfkld  of  Bonn,  and  which  was  conferred  1891,  April  22, 
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upon  Dr.  Abthub  Auwebs  of  Berlin, — was  unanimously  voted 
1894,  April  17,  to  Dr.  Seth  C.  Chandlkb  of  Cambridge,  for  his 
investigations  and  discoveries  coneerning  the  Variation  of  Lati- 
tude, and  his  researches  relative  to  Variable  Stars. 

2.  27ie  use  of  Governmental  Maps  in  School;  by  Wm.  M. 
Davis,  C.  F.  King  and  6.  L.  Collin,  pp.  65  (Henry  Holt  & 
Co.),  1894. — This  is  a  handy  descriptive  list  of  some  of  the  more 
useful  maps  of  the  United  States,  with  brief  directions  for  obtain- 
ing them,  grouped  under  the  following  heads,  the  geological  sur- 
vey, the  Coast  and  Geodetic  Survey,  tne  Mississippi  River  Com- 
mission, the  Missouri  River  Commission,  the  Survey  of  the 
Northern  and  Northwestern  Lakes,  the  State  Topographical  Sur- 
veys, the  Weather  Bureau  and  the  Hydrographic  office.  Though 
primarily  designed  for  schools,  the  Report  will  be  useful  to  all 
persons  interested  in  the  geographical  features  of  the  country. 

w. 

3.  National  Academy  of  Sciences. — ^The  following  is  a  list  of 
the  papers  presented  at  the  April  meeting  held  at  Washington, 
April  ]  7  to  20 : 

6.  L.  GooDALE :  Histological  Characteristics  of  Certain  Alpine  Plants.  Corro- 
rosions  by  Roots. 

George  C.  Comstock  :  An  Investigation  of  the  Aberration  and  Atmospheric 
Refraction  of  Light,  with  a  Modified  Form  of  the  Loewy  Prism  Apparatus. 

Joseph  Le  Conte  :  Biographical  Memoir  of  John  Le  Conte. 

A.  Agassiz  :  The  Coral  Reefs  of  the  Bermudas.  The  So-called  Serpulse  Reefs 
of  the  Bermudas.    The  Bathymetrical  Extension  of  the  Pelagic  Fauna. 

M.  Carey  Lea  :  New  Method  of  Determining  the  Relative  Affinities  of  Certam 
Acids. 

A.  M.  Mayer  :  On  the  Change  of  Young's  Modulus  of  Elasticity  with  Yaria- 
tion  of  Temperature,  as  Determined  by  the  Transverse  Vibration  of  Bars  of  Yari- 
ous  Temperatures.  On  the  Production  of  Beats  and  Beat-tones  by  the  Covibra- 
tion  of  two  sounds,  so  high  in  pitch,  that  when  separately  sounded  they  are  in- 
audible. On  the  Motions  of  Resonators  and  Other  Bodies  Caused  by  Sound 
Vibrations,  with  Experimental  Illustrations;  also  a  Reclamation. 

S.  C.  Chandler  :  On  Late  Researches  on  the  Variation  of  Latitude. 

S.  P.  Langley:  On  the  Infra-red  Spectrum.    The  Internal  Energy  of  the  Wind. 

J.  S.  Billings  :  The  Bacteria  of  River  Water.  The  Influence  of  Light  Upon 
the  Bacillus  of  Typhoid,  and  the  Colon  Bacillus. 

T.  C.  Mendenhall:  Recent  Gravity  Instruments  and  Results. 

Theo.  Gill:  The  Geographical  Distribution  of  Fresh-water  Fishes. 

C.  S.  Hastings:  Note  on  a  Possible  Increase  in  the  Ultimate  Defining  Power 
of  the  Microscope. 

Obituary. 

Samuel  White  Baker,  the  African  explorer,  died  Jan.  20, 
1894,  at  the  age  of  73. 

Vernon  Lovktt  Cameron,  another  of  the  leaders  of  discovery 
in  Africa,  died  March  26,  1894,  at  the  age  of  60. 

William  Pengelly,  the  English  Archaeologist,  died  March  16, 
1894,  at  the  age  of  82. 

George  Pouchet,  the  author  in  1858  of  "De  la  plurality  des 
races  humaines,"  died  in  March,  1894,  aged  61. 

Charles     Edouard     Brown-Sequard,   the   eminent   French 

lysiologist,  died  April  1,  1894,  at  the  age  of  77. 
[  Joseph  de  Szabo,  geologist  and  mineralogist  of  Buda  Pest, 
Jed  April  10,  1894. 
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rind  velocities  recoided  January  14,  18S8,  at  ths  SmlthHonian  Institution,  with,  a  light 
Soblnson  anemoniet«r  (pa[>er  oups)  tesfieXerhiit  every  revolution. 
Abscissae  —  Tirae. 
Ordinatea  —  Winii  velocities  in  rallca  -^t  ^wis. 
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Wind  veiocllioB  reoonied  February  4,  is«3,  ao 

a  light  Boblnaon  anemometer  (paper  eapsi  regleterlng  every  revolution. 
AbBcUaae  —  Time. 
Onllnatos  —  'Winil  velocities  lu  mUes  per  bour. 
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Plate    IV. 
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Ind  velocities  recorded  February  4,  1898,  at  the  Smithsonian  Institution,  with 
a  light  Robinson  anemometer  (paper  cups)  registering  everj^  revolution. 

Abscissae  =  Time. 

Ordiniites  =-  Wind  velocities  in  mWes  per  \io\XT. 
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Vtod.  veloolUee  dbeerveO.  at  Smlthnmlan  Instltutloii,  Februai-y  20,  1898, 
with  a  Kobinson  anomometwr  (aluminum  oups)  registering  every 
five  revolutions. 

AbsclsBae  ^  Time. 

=  Wlna  velooltlea  to  mUes  -oer  ^oux. 
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